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PHYSICAL CHARACTERISTICS AND FUNCTIONAL FITNESS OF SENIOR 
OLYMPIC ATHLETES (153  Pages)
Director of Thesis: L aw rence A. Golding
The pu rpose  of this s tu d y  w a s  to  descr ibe  th e  physical charac te r is t ics  
and de term ine  th e  functional f itness  of 28  fem ale (FA) and  3 7  male (MA) 
N evada Senior Olympic a th le te s  from 5 0  to  8 6  years  of age .  Com parison 
groups of apparen tly  healthy sen iors  [female n = 4 0  (FNA), male =  3 0  (MNA)] 
not com peting  in th e  Senior Olympics w ere  also  te s te d .  A ques tionnaire  w as  
co n d u c ted  to  investigate  training and  lifestyle habits  of th e  g roups .  Senior 
a th le te  skinfolds of th e  abdom en , ilium, tricep, and  thigh w ere  m e asu re d  with 
Lange calipers. The YMCA Sum  of 4  equation  w a s  used  to  p redic t pe rcen t  
body fat. Functional f itness  w a s  m easu red  w ith the  AAHPERD Functional 
Fitness A s s e s s m e n t  for Adults Over 60 . Senior a th le te s  tra ined  in a varie ty  of 
sp o r ts ,  from d is tance  running to  pass ive  sp o r ts ,  with varying d eg ree s  of 
frequency . The healthy  non-a th le te s  exerc ised  w ith similar f requency .  A th le tes  
and  non-a th le te s ,  th ough  apparen tly  healthy, had chronic health  conditions 
related to  aging su ch  a s  hypertension  and arthritis. Skinfolds of th e  a th le te s  
w ere  lower th a n  YMCA norm s a t  eac h  site , and  p e rce n t  body fa t  (FA =  2 6 .6 %
±  6 .6 ; MA =  1 9 .7 %  ± 5 .4 )  determ ined  by th e  YMCA S um  of 4  w a s  low er than  
YMCA av era g e  norm s. Percen t body fat, how ever  ranged  from 13 to  44 .1  % 
in fem ale a th le te s  and 12.1 to  3 2 .4 %  in male a th le te s .  Results  of 2x2  
ANOVAs (Gender x Athlete s ta tu s )  found th a t  functional f i tness  m e asu re m en ts  
of agility, coordination, and cardio-respiratory  en d u ran ce  m e a su re m e n ts  w ere  
not significantly different ( p > .0 5 )  am ong  th e  groups, h o w ev er  2 FNA and 1 
MNA w ere  unable to  com ple te  th e  walk. Flexibility, de term ined  by th e  sit and 
reach , w a s  g rea ter  in th e  fem ale g roups  (p < .0 5 )  th a n  th e  male groups. 
Independen t t - te s ts  found th a t  m uscu lar  s tren g th  w as  no t significantly different 
b e tw e e n  th e  MA and MNA, or b e tw e e n  FA and FNA. The sen ior  a th le te s  
t e s te d  w ere  a highly diverse group in te rm s  of training s ta tu s ,  physical 
charac te r is t ics ,  and functional f itness.  Therefore , it is reco m m en d ed  th a t  senior 
a th le te s  should  be s tudied by subg roup ings  accord ing  to  a g e  and  training s ta tu s  
(frequency, intensity, time and mode). It is also reco m m en d ed  th a t  future 
re sea rch  de term ine  th e  validity of th e  AAHPERD te s t s  for m easuring  the  
physical capac ity  of fit seniors .
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CHAPTER 1
1
INTRODUCTION
Physiological Aging and C hanges  in Functional Fitness
The health and independence  of an  aging industrialized population have 
b eco m e  increasingly im portant to  m any  resea rch e rs  a s  well a s  g o v ern m e n t and 
co rpo ra te  p lanners  (Leslie, 1989). Estim ates by th e  United Nations Population 
Division project th a t  North A m erica 's  over 6 0  year  population will g row  from 
1 4 .6 %  of th e  overall population in 1 9 7 5  to  2 2 .3 %  by 2 0 2 5  (Krotee & Blair, 
1991).  Europe will experience th e  sa m e  pro jec ted  grow th  w ith  its over 60  
c o h o r t  increasing from 1 7 .4 %  of th e  population  in 1 9 7 5  to  2 4 .7 %  in 2 0 2 5  
(Krotee & Blair, 1991).
In th e  United S ta tes ,  life ex p e c ta n c y  a t  birth has  risen to  7 8 .7  y ears  for 
fem ales  and 7 1 .4  y ears  for m ales. The historic ag e  of re tirem ent in th e  U.S 
has  been  65 y ea rs  of age  (Shephard, 1987).  United S ta te s  C en su s  s ta t is t ic s  
indicate th a t  a g rea te r  num ber of A m ericans are  living beyond normal retirem ent 
a g e  th a n  ever before (Leslie, 1989). The n a t io n 's  65 and older population is 
ex p e c te d  to  rise to  13.1 % of th e  total population by th e  year  2 0 0 0  and  21 % 
by th e  year  2 0 5 0 .  The dem ograph ics  of th e  very  old are also  changing . In 
N evada, th e  85  and over population is ex p ec ted  to  g row  by 1 5 0 %  in th e  nex t 
2 0  y ea rs  (Elston, Koch, & W eissert ,  1991).  With th is substan tia l  c h a n g e  in
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dem ograph ics ,  gerontology, th e  s tu d y  of aging, has  b eco m e  increasingly 
relevant to  a large part of society .
Biological aging is am ong th e  m any im portan t issues  in geronto logy. 
Biological aging is assoc ia ted  w ith ch a n g e s  in several physiological variables. 
In hum ans, a loss of m uscle m ass  and  bone density , gains in body  fat, 
d ec re a se d  card iac  function and  increased  ca rb o h y d ra te  in to lerance are 
exam ples  of c h an g e s  th a t  occur with aging (Rowe & Kahn, 1 9 8 7 ;  Guralnik, 
Branch, Cum m ings, & Curb, 1989).  Aging is also a sso c ia ted  with diminished 
physical perfo rm ance  capacities . T es ts  of maximal aerobic  p o w er  (Fleg & 
Lakatta, 1988),  m uscular s treng th  and  en d u ran c e  (Frontera, M eredith, O'Reilly, 
& Evans, 19 9 0 ; LaForest, St. Pierre, & G ayton, 1990),  peak  anae rob ic  pow er 
(Grassi, Ceretelli, Narici, & Marconi, 1991) and  joint flexibility (Bassey, Dallaso, 
& Ebrahim, 1989) exhibit a decline in m o s t  people by their fourth d e c a d e  of life.
The decline in physical f itness  due  to  ag e  is a result of a myriad of 
fac to rs .  T hose  fac to rs ,  such  a s  gene tics ,  w hich  have  been  historically 
a t tr ibu ted  to  th e  normal aging p ro cess ,  con tinue  to  be investigated . W hereas  
gene tics  play an undeniable part in d ec re a se d  perfo rm ance  with age ,  sc ien t is ts  
are  n o w  also focusing  their research  on th e  e ffec ts  of lifestyle on c h a n g e s  in 
physical f itness.  Diet, smoking habits ,  and  lack of physical exerc ise  ap p e a r  to  
reduce  f i tness  levels and increase  th e  risk of disabling conditions  su c h  as 
d eg enera tive  heart  d isease  (Paffenbarger, Hyde & Wing, 1986) and  adu lt o n se t  
d iab e tes  (Jackson ,  Barlow, Brill, & Blair, 1992).
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Shephard  (1990) s ta ted  th a t  people w ho  live to  8 0  y ea rs  of ag e  can  
e x p e c t  a lm os t a deca d e  of som e  disability followed by a y ea r  of total 
d ep en d e n cy .  But he has theorized th a t  disability later in life can  be pos tponed  
th rough  physical training. U nfortunately, a s  Kovar and Feinleib (1991) have 
no ted , an  inconsequentia l am o u n t  of time and m oney  has  been  sp en t  
research ing  th e  prevention of age-re la ted  disability.
A decline in physical activity and  the  resu ltan t decline in physical 
capac ity  beco m e  significant w hen  th e  older person  c a n n o t  function 
independently , th a t  is, w hen  simple or com m on ta sk s  a sso c ia ted  w ith daily life 
are  difficult or impossible to  accom plish  in a sa fe  m anner (Branch & Je t te ,  
1983 ) .  M ost people over 6 0  y ea rs  of ag e  are able to  live independently . 
H ow ever, as  people reach re tirem ent age ,  energy  and  physical f i tness  are 
de term ined  largely by leisure activity (Shephard, 1987). U nfortunate ly , m ost 
sen iors  do no t exerc ise  regularly, and the re fo re  are less physically ac tive  after 
th ey  retire.
W heras  physical activity is o ften  ex p ec ted  to  d e c re a se  with age ,  the  
decline in th e  United S ta te s  has  becom e excess ive .  A National Health Interview 
Survey c o n d u c ted  in th e  last d eca d e  found th a t  4 2 .6 %  of all people  over 65 
years  of ag e  w ere  seden ta ry , while only sev en  to  eight p e rce n t  e n g ag e d  in 
regular physical activity a t  6 0 %  or m ore of their hear t  ra te  m axim um  
(C asperson , C hris tensen , & Pollard, 1986).
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Results from a m ore recen t su rvey  by the  C enters  for D isease  Control, 
h ow ever ,  su g g e s t  th a t  th e re  has  been  som e  reduction  in th e  p e rce n tag e  of 
people over 65 years  of ag e  w ho  are inactive, as  well a s  an  increase  in the  
p e rce n tag e  of people over 65  y ears  w ho  are  exercising regularly and  intensively 
(C asperson  & Merritt, 1992).  Even so , according to  e s t im a te s  by Elston e t  al., 
(1991),  th e  num ber of older people w ho  m u s t  depend  on a s s is ta n c e  for daily 
t a s k s  is grow ing rapidly.
In su rveys  cond u c ted  by the  National Institute on Aging (NIA), over 2 0 %  
of th e  sen iors  responded  th a t  th ey  w ere  not able to  walk a half-mile w ithout 
a s s is tan ce .  In th e  sam e  surveys , ab o u t 10 %  w ere  unable to  walk up and  dow n 
sta irs  and  ab o u t 35  to  4 0 %  could not perform heavy  h o usew ork .  The NIA 
su rv ey s  also  sh o w e d  increased  disability with age. For exam ple , in th e  65 to 
6 9  year  age  group, few  re sp o n d en ts  required a s s is ta n c e  in bathing; in th e  85 
and  over age  group, how ever,  ab o u t  12 to  15 %  had difficulty or w ere  unable 
to  b a th e  or sh o w e r  (Cornoni-Huntley, Brock, Ostfeld, Taylor, & W allace, 1986). 
In Clark County , Nevada, an es tim ated  2 0 .2 %  of all people  over 65 years  of 
ag e  are  functionally d ep en d en t.  D ependency  in this ag e  group in o th e r  s ta te s  
in th e  United S ta te s  is es tim ated  to  range from 25  to  3 5 %  (Elston e t  al., 
1991).  Despite th e se  s ta t is t ic s ,  th e re  are  several g roups  of older adu lts  w ho  
enjoy an ac tive  lifestyle pursuing physical activities and com petit ions .
"Senior Olympics" a th le te s ,  or "Senior O lympians" are  one  group of 
organized and physically active  adults  from 5 0  y ea rs  of ag e  and  b e y o n d .1 
While no regular p rac tices  are  held, Senior A th le tes  train individually for 
com petit ions  a t  th e  local, s ta te ,  national, and international level. In th e  United 
S ta te s ,  several th o u san d  w o m en  and  men com pe te  in e v e n ts  su ch  as  track  and 
field, swim m ing and  tennis .
While Senior A th le tes  a t  th e  national level m u s t  be 55  y ears  of age  or 
over and  m ee t specific perfo rm ance  s tan d a rd s  for com petit ion , all people 5 0  
y ears  of age  and over are  eligible to  co m p e te  in th e  "N evada Senior Olympics." 
The group in Nevada holds no organized practices , and  fe w  if any  of the  
partic ipants  have co a c h e s .
In addition to  N evada, "Senior G am es" are held in 3 8  o th e r  s ta te s .  The 
popularity  of th e se  g am es  has  increased  with sp o nso rsh ip ,  marketing and 
prom otion of th e se  organized e v en ts  (Gandee, Campbell, Knierim, Cosky, Leslie, 
Ziegler, & S nodgrass ,  1989).  G andee  e t  al. (1989) has  s u g g e s te d  th a t  the  
Senior G am es allow older adu lts  th e  opportunity  to  re sh ap e  socie ta l a t t i tudes  
ab o u t aging. B ecause  th e  organization of the  Senior G am es is very  recen t, little 
re search  on this group of a th le te s  ex ists . The first physical te s t ing  of Senior 
A th le tes  a t  th e  national level began  in the  sum m er of 1991 a t  S y racuse ,  New 
York, by Dr. Helen Knierim of Slippery Rock University of Pennsylvania. A part
1 Despite their name, this group has no connection with the Olympic Games. To avoid 
confusion, "Senior Olympians" will be referred to in this study as "Senior Athletes."
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from anecdo ta l information (Flatten, 1991), no d a ta  p resen tly  ex ist ab o u t th e  
physical charac te r is t ics  or functional fitness of Senior A th le tes  and  h o w  th ey  
com pare  to  o the r  people of similar age.
Need for the  S tudy  
Several recen t rev iew  articles have reflected on a need  for research  abou t 
aging and exerc ise . Row e and Kahn (1987) s ta te d  th a t  personal habits  
including diet and  exerc ise  have  a significant m odera ting  e ffec t  on th e  aging 
p ro cess  and recom m ended  th a t  fu ture  research  should  a t te m p t  to  explain how  
lifestyle cho ices  can  successfu lly  s low  the  aging p ro cess .  Guralnik e t  al. 
(1989) em phasized  th e  need  for physical perfo rm ance  a s s e s s m e n ts  in the  
elderly both  for intervention and  for a be tte r  unders tand ing  h o w  som e  people 
c an  be highly functional and  healthy th ro u g h o u t th e  life span .  Koss (1991) 
described  the  grow ing num bers  of older people a s  a w id esp read  trend  th a t  can  
not be ignored and recom m ended  th a t  m ore re sea rch  be do n e  with older 
a th le te s  to  unders tand  more ab o u t  perfo rm ance and  th e  aging p rocess .
P urpose  of the  S tudy  
The s tudy  w a s  designed  to  determ ine th e  physical ch arac te r is t ics  and 
functional f itness of N evada Senior A thletes. Height, w eigh t ,  se lec ted  
skinfolds, and an th ropom etric  d iam eters  w ere  m easu red .  Functional f itness 
w a s  m easured  with th e  AAHPERD Functional F itness A s s e s s m e n t  For Adults 
Over 6 0  Years (O sness ,  Adrian, Clark, Hoeger, Raab, & W iswell, 1990). A 
com parison  group, consis ting  of apparently  healthy  p e rso n s  w ho  w ere  not
com peting  in th e  "Senior Olympics" w ere  also  te s te d .  In th e  s tu d y ,  the  
m em bers  of th e  com parison  group are  called "senior n on -a th le te s ."  A survey  
w as  co n d u c ted  to  describe  training, physical activity  and lifestyles of bo th  the  
Senior A th le tes  and  th e  com parison group.
Null H ypothesis
The null hypo thesis  w as  th a t  Senior A th le tes  w ere  no t  significantly 
different in their physical charac teris t ics  and  functional f itness  th an  a 
com parison  group of the  sam e  age.
Operational Definitions
1. Activities of Daily Living (ADL): T asks  perform ed in everyday  life th a t  
are essentia l for functioning in socie ty . Walking and transferring  are  tw o  
com m on activities of daily living.
2. Functional fitness: "The physical capac ity  of a person  to  m ee t 
ordinary and  u n ex p ec ted  d em ands  of daily life safe ly  and effectively (p. viii)" 
(O sness e t  al., 1990).
3. Functional Fitness T es t Battery: A series  of te s t s  developed  by the  
American Alliance for Health and Physical Education, Recreation and D ance 
(AAHPERD). The ba tte ry  w a s  designed  specifically to  m easu re  th e  functional 
f itness of older adu lts  in a field se tt ing  (O sness  e t  al., 1990).
4 . Senior A thlete: A person in th e  experim ental group w h o  is a t  least 
5 0  years  of age  and w ho  has com pe ted  a t  th e  s ta te  level Senior Olympics or 
national level Senior G am es com petit ions  within th e  last th ree  y ea rs  and
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con tinues  to  remain active in th e  "Senior Olympics" program . In th e  figures 
and tab les  of this s tudy , th e  te rm s  "MA" and  "FA" are used  to  d e n o te  male and 
fem ale Senior A th le tes  respectively.
5. Senior Non-athlete: A person  in th e  com parison  group w h o  is a t  least 
5 0  y ea rs  of age  and  w ho  has  no t participated  in th e  "Senior Olympics" program  
within th e  last th re e  years .  In th e  figures and  tab les  of th is  s tu d y ,  th e  te rm s  
"MNA" and "TNA" are used to  d en o te  male and  female Senior N on-ath le tes .
A ssum ptions
The s tu d y  assu m ed  th a t  su b jec ts  from both  g roups perform ed  the  
functional f itness  te s t s  to  th e  b e s t  of their ability and  a n s w e re d  the  
questionnaire  honestly  and com pletely.
Limitations
The following factors  w ere  considered  to  be limitations of th e  s tudy :
1. All su b jec ts  in both th e  experim ental and  th e  com parison  g roups  w ere  
vo lun teers ,  and  no t randomly se lec ted .  S tam ford  (1988) h as  recognized  th a t  
older p e rso n s  w ho  volunteer for exerc ise  t e s t s  are  probably m ore ac tive  th an  
th o s e  in th e  general population. Results  of th e  sub jec t ques tionnaire  s u g g e s t  
th a t  th e  com parison  g roups w ere  training nearly as  o ften  a s  th e  a th le te s .
2. The level and  specificity of training of th e  Senior A th le tes  w e re  highly 
variable in te rm s  of intensity, duration and  m ode of exerc ise .  S om e of the  
a th le te s  trained nearly every  day  of eac h  m onth , and co m p e te d  in v igorous 
physical e v e n ts  aga in s t  all age  g roups . O thers  s p e n t  m uch of the ir  training time
on skill sp o r ts  w hich require less s tren g th  or endu rance .  A fe w  of th e  a th le te s  
w e re  busy  with o ther  endeavo rs ,  and invested little or no time on training.
3. The s tu d y  m easured  Senior A th le tes  com peting  a t  th e  s ta te  lev
el and  in com petit ions  held in th e  so u th w e s te rn  United S ta te s .  Less 
com petit ive  a th le te s  are m ore likely to  partic ipate  a t th e  s ta te  level m ore so  
th a n  a t  th e  national level. Several of th e  a th le te s  te s te d ,  how ever ,  had 
c o m p e ted  a t  both the  national and  s ta te  levels.
4 . The motivation of th e  sub jec ts  m ay have  a ffec ted  the ir  perfo rm ance  
on th e  te s t s .  Although th e  functional f itness  t e s t  ba tte ry  is in tended  to  be 
non-com petit ive , som e sub jec ts  m ay have  w orked a t  higher levels of w ork 
capac ity  th a n  o thers .
5. A functional t e s t  b a t te ry  w a s  used  rather th an  traditional t e s t s  for 
m easuring  physical f itness and  perfo rm ance . With a functional t e s t  battery , 
a s su m p tio n s  ab o u t  maximal aerobic  capacity  or one  repetition m axim um  
s tren g th  c a n n o t  be m ade.
CHAPTER 2
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REVIEW OF RELATED LITERATURE
Physical and  Perform ance M easu rem en t and  Evaluation: A Brief History
While it is difficult to  trac e  th e  origins of hum an  physical and 
perfo rm ance  m e asu re m en ts ,  it is know n th a t  the  anc ien t  G reeks w ere  
in teres ted  in m easuring  th e  hum an  physique as  well a s  te s t ing  a th le te s  in th e  
skills of sp o r t  (Barrow, McGee & Tritschler, 1989 ; Phillips & Hornak, 1979). 
It is also know n th a t  18th  cen tu ry  French an th ropo log is ts  m ade  efforts  to  
m easu re  s tren g th  (Cureton, Kasch & M oss, 1947).
In America, d o cum en ta t ion  of hum an  physical and perfo rm ance  
m e a su re m e n ts  ap p ea rs  to  have  begun in th e  middle to  late 19 th  cen tu ry .  Dr. 
Edward H itchcock is credited  a s  a p ioneer in m e asu re m en t ,  for his w ork in 
recording th e  m uscle  size and  s tren g th  of A m hers t s tu d e n ts  in th e  1 8 6 0 's  
(Barrow e t  al., 1989).
A nth ropom etry  and  s tren g th  tes t ing  con tinued  th ro u g h o u t  th e  late 19th  
cen tu ry .  In th e  late 1 8 7 0 s ,  Dr. Dudley S a rg en t began  to  m easu re  s tren g th  in 
Harvard s tu d e n ts  (Phillips e t  al., 1979).  Data from te s t ing  a t  Harvard w ere  
used  to  develop  an thropom etric  and s tren g th  norm s for co llege-age m en and 
w o m en . D ynam om eters  w ere  developed  by Kellogg and  o th e rs  to  give a cc u ra te  
m e a su re m e n ts  of s treng th  (Jo h n so n  & Nelson, 1979).  In 1 8 9 7  S arg en t 
d eve loped  th e  Intercollegiate S treng th  T e s t  w hich co n s is te d  of s treng th
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m e a su re m e n ts  of th e  back, legs, hand  grips, pull-ups and  push -u p s  (Cureton e t 
al., 1947).
A lthough the  focus  on s tren g th  tes t ing  con tinued  into th e  early 20 th  
cen tu ry , by th e  turn  of th e  cen tu ry  physical fitness te s t ing  b eg an  to  expand  to 
o th e r  a rea s  (Barrow e t  al., 1989).  In 1 9 0 2 ,  S argen t developed  a 30-m inute 
b a t te ry  of t e s t s  to  ta x  en d u ran c e  and  sp eed  a s  well a s  s t re n g th  (Phillips & 
Hornak, 1979).
The m easu rem en t of card iovascu lar  function also b e ca m e  popular in the  
early 2 0 th  cen tury . Several t e s t s  w ere  devised to  m e asu re  th e  e ffec ts  of 
postural c h an g e  or mild exerc ise  on hea r t  rate and blood p ressu re  (Bosco & 
G usta fson , 1983). C ram p to n 's  Blood Ptosis  T est (1905) and  th e  Schneider 
T es t  (1920) w ere  tw o  exam ples  of early card iovascu lar  m e a su re m e n t  tools 
(Bosco e t  al., 1983). The Schneider  T e s t  w a s  used to  de te rm ine  fa tigue and 
physical condition of av ia tors  during World W ar I.
Following World W ar I, t e s t s  w ere  c rea ted  to  m e asu re  th e  e ffec t of 
v igorous exerc ise  on heart  rate. T w o com m on te s t s  w ere  th e  Tuttle  Pulse-Ratio 
T e s t  (1931) and the  Harvard S tep  T e s t  (1943). By m id-century , treadmill 
walking and running p ro tocols  by Balke (1952) and o th e rs  w e re  developed  
(Barrow e t  al., 1989) to  m easu re  m axim um  efforts  in a labora tory  se tt ing .
Physical f itness  t e s t s  overlapped th e  dev e lo p m en t of card iovascu lar  
t e s t s .  Dr. F. R. Rogers is cred ited  with developing th e  first m odern  te s t  of 
physical f itness  in 1 9 2 5  (Phillips e t  al., 1979).  The Physical F itness  Inventory
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(PFI) w a s  developed  by Rogers a s  a general index of physical f itness  using m o s t  
of th e  large m uscles  of th e  body (Clarke, 1945).  The PFI m easu red  right and 
left handgrip s tren g th ,  back  and leg lifts, parallel bar dips and  lung capac ity  
(Bosco & G ustafson , 1983).  The te s t  ba tte ry  w a s  innovative b e c a u se  it 
em ployed  standard ized  te s t ing  m e thods  and g en e ra ted  norm  tab les  (Clarke, 
1 945 ) .  But th e  validity of th e  t e s t  items w a s  later criticized by McCloy and  
o th e rs  (Clarke, 1945).
During the  world w ars ,  th e  physical w ork  capac ity  of tro o p s  to  be 
p repared  for c o m b a t  c rea ted  a dem and  for f itness  te s t ing  ra ther  th an  specific 
skills tes t ing  (Cureton e t  al., 1947).  Thus, th e  military se rv ices  developed  their 
o w n  te s t s  for m easuring  th e  f itness  levels of recruits . T e s ts  w e re  developed  
to  be  adm inistered to  several hundred men in a single hour (Clarke, 1945).  The 
1 9 4 3  Army Air Force te s t ,  for exam ple, co n s is ted  of s it-ups , pull-ups and  a 
300-yard  run. (Clarke, 1945).  During World W ar II, several civilian physical 
f itness  te s t s  w ere  developed . The "Victory Corps" f i tness  b a t te ry  w a s  c rea ted  
by civilians and th e  military to  p repare children for th e  w ar  effo rts  (Clarke, 
1945).  A ccording to  Clarke (1945), th e se  t e s t s  indicated th a t  m any young  
A m ericans w ere  physically unfit for military service .
Popular t e s t s  following World W ar II included C u re to n 's  Fourteen  Item 
M otor Fitness T es t  and  Phillips Ju m p ,  Chin, and  Run te s t ,  bo th  published in 
1 9 4 7  (Bosco e t  al., 1983).  In 1 9 5 4  Dr. H ans Kraus reported  a t e s t  b a t te ry  of 
six item s to  a s s e s s  minimum m uscular f itness  in school children (Phillips e t  al.,
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1979). S ub jec ts  w ere  graded on a pass/fail basis. The resu lts  s h o w e d  th a t  
5 7 .9 %  of a sam ple  of U.S. children failed a t  least  o n e  t e s t  item while 8 .7 %  of 
the  European sam ple  failed one  or m ore te s t  item s.
The K raus-W eberT est has been  called " (p )e rh a p s th e  m o s t  controversia l 
te s t  in physical educa tion  and ye t the  m o s t p rovocative  and  influential t e s t  in 
te rm s of th e  significance of its findings for physical edu ca tio n  and  th e  American 
m ode of living . . .  (p. 205)(M eyers & Blesh, 1 9 6 2 ) ."  R esearch  in te res t  in 
physical f i tness  tes t ing  w a s  genera ted  afte r  results  from th e  K rau s -W eb erT es t  
w ere  used  to  illustrate th e  poor physical condition of American you th .
In re sp o n se  to  th e  aw a re n e ss  of unfit children, th e  P re s id en t 's  Council 
on Youth F itness w a s  form ed. A special com m ittee  of th e  A m erican Alliance 
for Health Physical Education and Recreation (AAHPER) w a s  a lso  con v en ed ,  
resulting in th e  deve lopm en t of a you th  f i tness  t e s t  in 1 9 5 8 . AAHPER youth  
norms w ere  revised in 1965  and 1 9 7 6 . The 1 9 7 6  Youth F itness T es t  
cons is ted  of pull-ups for boys, flexed-arm hang  for girls, shu tt le  run, s tand ing  
long jump, 50-yard  dash  and 600 -m ete r  run (Bosco e t  al., 1983).
In 1 9 8 0 ,  AAHPERD (formerly AAHPER) developed  th e  Health-related 
Physical F itness T es t  w hich changed  th e  focus  of te s t ing  from a th le tic  skills to  
functional health  (Franks, Morrow, & P low m an, 1988 ) .  This c h a n g e  reflected  
th e  grow ing em phasis  on the  health-related c o m p o n e n ts  of physical fitness: 
card ioresp iratory  endu rance ,  m uscular s tren g th  and  en d u ran c e ,  joint flexibility 
and body com position  (Franks, Morrow, & P low m an, 1988).  The n e w  focus
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w a s  sh a rp en ed  in 1 9 8 8  with AAHPERD's la tes t  version of its you th  f itness 
te s t ,  called "Physical Best." The Physical Best ba tte ry  co n s is ted  of a one-mile 
w alk/run, sit and  reach, s itups  and  pull-ups, as  well as  body m a ss  index and a 
sum  of skinfolds (Barrow e t  al., 1989).  Rather th an  p resen ting  percentile 
norm s, Physical Best published criterion s tan d a rd s  s e t  for th e  pa r t ic ipan t 's  age  
and  gender.
Currently several you th  fitness  te s t s  a re  being used . Besides AAHPERD's 
Physical Best, th e y  include te s t s  developed  by th e  P re s id en t 's  Council on 
Fitness and  S ports  and the  Institute for Aerobics Research (Franks, M orrow  & 
Plow m an, 1988).
Physical f itness  testing  in adu lts  b e ca m e  popular in th e  1 9 6 0 s .  At the  
fo refron t w a s  Dr. Kenneth Cooper w h o  developed  field t e s t s  w ith  norm s for 
a s se s s in g  aerobic fitness. His concen tra tion  on aerobics reflected  th e  gaining 
popularity of aerobic activity as  a p reventive  m easu re  aga in s t  hea r t  d isease ,  
particularly in middle-age men (Cooper, 1968).
R esearchers  also developed physical perform ance  t e s t s  for m easuring  
specific groups. The U.S. Armed Forces and o th e r  federal g o v e rn m e n t agenc ies  
con tinued  to  u se  physical perfo rm ance  te s t s  for occupa tiona l se lec tion  and 
re ten tion  (Davis & Dotson, 1987). Local police and  fire d e p a r tm e n ts  have  also 
used  perfo rm ance  te s t s  for determ ining job c o m p e ten c e .  The te s t s ,  by law, 
m u s t  be valid predic tors  of w ork perfo rm ance  (Davis & D otson , 1 9 8 7 ; Sharkey, 
1987).
In 1986 ,  AAHPERD estab lished  th e  AAHPERD F itness  Task  Force, led by 
Helen Knierim, to  develop  an appropria te  field t e s t  for determ ining  health s ta tu s  
in older adults  (O sness ,  1989).  By th e  next year, th e  ta s k  force  had p roduced  
th e  Functional F itness T e s t  Battery For Adults O ver 6 0 ,  w hich so u g h t  to  
m e asu re  th e  ability of sen iors  to  perform ta sk s  for e v e ry d a y  living (O sness  e t 
al., 1990).  Defining functional f itness as  " . . . th e  physical capac ity  of the  
individual to  m ee t ordinary and unexpec ted  d e m a n d s  o f  daily life safely  and  
effectively ,"  th e  ta sk  force  a ssem bled  a list of six f i tness  param ete rs :  (a) body 
agility, (b) en d u ran ce ,  (c) flexibility, (d) s t ren g th ,  (e) balance, and  (f) 
coordination. Balance w a s  later eliminated from th e  list. Pilot s tud ies  w ere  
com ple ted  to  estab lish  initial norm s (O sness, 1989 ) .  T h ese  norm s, how ever,  
a re  no t y e t  published. While th e  te s t  battery  has  no t  been  validated, eac h  of 
th e  perfo rm ance  t e s t s  w a s  a c c e p te d  by th e  ta sk  fo rce  to  m e asu re  e lem en ts  of 
functional f itness  (O sness ,  1989).
An early version of th e  Functional F itness T e s t  Battery  w as  used  to  
m e asu re  the  training e ffec t of low-im pact aerob ics  in elderly w o m en  (Hopkins, 
Murrah, Hoeger, & Rhodes, 1990).  No published s tu d y  has  used  th e  cu rren t 
Functional Fitness T es t  Battery as  a m eans  of te s t in g  d iagnostic  perfo rm ance 
or th e  e ffec ts  of training. C asenheise r ,  Hollering, and  G an d ee  (1992) ,  how ever,  
have  p resen ted  a training s tu d y  to  m easure  th e  e f fe c ts  of cha ir-connected  
ex e rc ises  on functional f itness ,  using four of th e  five t e s t s  in th e  ba tte ry  (the 
half-mile walk w a s  no t included) along with grip s t ren g th .
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The cu rren t  AAHPERD Functional F itness T es t  Battery co n s is ts  of five te s t s  
for a s se s s in g  several n ece ssa ry  co m p o n e n ts  of physical f itness in o lder adults . 
They include:
(a) a sit and  reach  te s t  for flexibility,
(b) an  agility t e s t  to  m easure  body  agility,
(c) a "soda  pop" coordination te s t  to  m e asu re  coordination,
(d) an  arm curl t e s t  for s treng th  and en d u ran c e ,  and
(e) an  8 80 -ya rd  (half-mile) w alk  to  m easu re  endu rance .
The te s t ing  p rocedu re  also includes th e  m e a su re m e n t  of height and  w eigh t 
(O sness e t  al., 1990).  The im portance of m easuring  and evaluating physical 
ch arac te r is t ics  and ea c h  of th e se  co m p o n e n ts  of functional f itness  is d iscu ssed  
in detail below.
A nthropom etry  and Body Com position
The av e ra g e  height of older adu lts  is significantly lower th a n  th a t  of 
younger  adu lts  (M aster, Lesser, & Beckm an, 1960).  M aster  e t  al. (1960) 
su g g e s te d  tw o  fac to rs  for the  height d ifference with increasing age .  T he first 
fac to r is th e  increase  of s ta tu re  with su cceed in g  genera tions  th a t  a p p e a rs  to  
com e from im provem ents  in nutrition and  d isease  prevention. The seco n d  
fac to r  is due  to  th e  physical ch an g e s  th a t  occu r  with aging. Seniors can  e x p e c t  
to  lose ab o u t  1 .5  to  3 %  of their ta llest height (Menard & Stanish , 1 9 8 9 ) .  This 
loss m ay be explained by curva ture  of th e  sp ine  and c o m p re ss io n  of
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intervertebral d iscs  (Parizkova & Eiselt, 1980).  Life e x p e c ta n c y  d o e s  not 
ap p ea r  to  be influenced by height (M aster e t  al., 1960).
In adult years ,  w eigh t inc reases  w ith  ag e  up to  th e  6 th  d e c a d e ,  due 
m ostly  to  gains in body fat. In th e  N ew  Haven NIA s tudy , m en 65  to  69  years  
reported  w eighing 149 pounds  a t  age  25  and 169  pounds  a t  5 0  y ea rs  of age. 
W om en of the  sa m e  age  in the  sa m e  s tu d y  reported  w eighing 1 2 4  pou n d s  a t  
ag e  25  and  1 40  pounds  a t age  50. A leveling off or d e c re a se  in w e ig h t norm s 
with ag e  m ay be due  to  in part to  m uscle  loss as  well a s  morbidity in heavier 
sen iors . From th e  ag es  of 65 to  9 4 ,  th e  pe rce n tag e  of o v e rw e ig h t m en falls 
from 3 0 %  to  1 0 % . In w o m en , th e  p e rce n tag e  of o v e rw e ig h t individuals 
declines from a high of 4 0 %  a t  ag e  65  do w n  to  10 %  afte r  ag e  8 0  (M aster, 
1960).
Body m a ss  index (BMI) has  been  used  a s  an  indicator of ove rw e ig h t in 
epidemiologic s tud ies  (Lohman e t  al., 1988).  BMI is co m p u ted  as:
w e igh t (kilograms) 
height (m eters)2.
D eurenberg , van der Kooy, Hulshof, & Evers (1989) classified a BMI b e tw ee n  
2 0 -2 5  kg /m 2 a s  normal, 2 5 -3 0  kg/m 2 a s  overw eigh t and 3 0  kg /m 2 or m ore as  
o b ese .  ACSM Guidelines (1991) s ta te  th a t  m ales with BMI levels g rea te r  than  
2 7 .8  kg /m 2 and fem ales g rea te r  th an  2 7 .3  kg /m 2 are  a t  g rea te r  risk for 
mortality. A high body m ass  index m ay not necessarily  indicate  w h e th e r  an 
individual is overfa t .  M esom orphic a th le te s  m ay have a high BMI bu t m ay be
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very lean; on th e  o the r  hand, individuals with limited m uscle  m a ss  m ay have a 
low  BMI y e t  be overfat.
U nderw ater  w eighing and  skinfold m e asu re m en t  eq u a t io n s  have been  
regarded  a s  the  tw o  m ost valid predic tors of body fa t  in hum ans .  A lthough the  
a cc u racy  of applying th e se  formulas to  th e  elderly, h as  been  ques tioned  (Martin 
& Drinkwater, 1991), th e se  tw o  m e thods  con tinue  to  be th e  s ta n d a rd s  for 
determ ining body fat. The YMCA h as  s e t  norm s for skinfold m e asu re m en ts  of 
th e  abdom en , ilium, tricep and  thigh in men and w o m en  over 65  (Golding e t al., 
1989).
As might be ex p ec ted ,  both male and fem ale tra ined  individuals have 
lower body fa t  p e rce n tag es  th an  sed en ta ry  individuals of th e  sa m e  age  (Kohrt, 
Malley, Dalsky, & Holloszy, 1992 ; Pollock e t  al., 1987).  S treng th  and pow er 
a th le te s  have lower body fat p e rce n tag es  than  untrained individuals w h e reas  
en d u ran c e  a th le tes  have th e  low es t pe rcen t body  fa t  (Sipila, Vitasalo, & 
Suom inen , 1991 ; Grassi e t  al., 1991).
C om ponen ts  of Functional Fitness
Flexibility
Flexibility is essentia l for daily living (Piscopo, 1986).  Bending and 
reaching are  tw o  com m on ta sk s  th a t  require som e d eg ree  of flexibility (Frekany, 
1975).  The te rm s  "flexibility" and  "range of m otion" are  o ften  used 
in terchangeab ly . W hen used  m ore precisely, "range of m otion" a p p e a rs  to  refer 
to  s truc tu ra l a sp e c ts  of m ovem en t w h e reas  "flexibility" refers  to  its functional
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a sp e c ts .  Extremely large range of motion (ROM) is s e e n  in elite g y m n a s ts  
(Hubley-Kozey, 1990).  Minimal ROM is found in individuals w h o  are unable to  
reach , bend or tw is t  (Frekany & Leslie, 1975).
Several variables have been  su g g es ted  a s  limiting fac to rs  in ROM or 
flexibility. They  include s truc tu re  of bones , m usc les ,  ligam ents, te n d o n s ,  
cartilage, fat and  skin, a s  well a s  age, sex , and  activity  levels (Adrian, 1981 ; 
M unns, 1981 ; Einkauf, G ohdes, J e n se n ,  & Jew ell ,  198 7 ; B assey , 1989).  The 
lack of flexibility m ay also be related to  degenera tive  d isease ,  such  as  arthritis 
and  injuries (Adrian, 1981).
Flexibility is specific  to  eac h  joint (American College of Sports  Medicine,
1991).  A fac to r  analysis  of several joint m e asu re s  ind icates  th a t  no single t e s t  
can  determ ine overall flexibility (Harris, 1969).  M easu rem e n t dev ices  are 
available for m easuring  specific joint range of motion. G oniom eters  are  the  
m o s t  com m only  used  ins trum en ts  for this p u rpose  (Hubley-Kozey, 1990).
Although th e  American College of S ports  Medicine s ta t e s  th a t  " . . . lack  of 
flexibility is particularly prevalen t in the  elderly ... ,"  recen t  experim ental re search  
on  flexibility and  the  elderly is limited (O sness, 1989).  No one  has determ ined  
h o w  m uch flexibility is needed  to  function (Thom as & Nelson, 1990). Using 
goniom eters  a s  m e asu re m en t  devices, a group of elderly fem ales  p roduced  
significant im provem ents  in flexibility of th e  neck, shoulder, hip and back, knee 
and  ankle a fte r  an  exerc ise  program  (Munns, 1981 ) .  O ther s tu d ie s  have used  
sit and reach perfo rm ance  to  eva lua te  flexibility in m iddle-age and older adults .
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The Sit and  Reach T es t
The sit and  reach  has  been used  a s  a m e asu re  of flexibility by the  
P res iden t 's  Council on Physical Fitness and Sports ,  AAHPERD and th e  National 
YMCA. Since no single t e s t  is an indicator of overall flexibility (Harris, 1969),  
th e  sit and  reach  is only used  as  a m easu re  of trunk  flexion or hip flexion.
Variations of th e  sit and reach have  been  developed  by C ureton  and 
o the rs  (Johnson ,  1979).  Norms and  c ross-sec tiona l s tud ies  indicate th a t  sit 
and reach perfo rm ance  d e c re a se s  with ag e  (Golding e t  al., 1989 ; Rikli e t  al.,
1986). Increased  activity levels (Rikli e t  al., 1986) and  exerc ise  su ch  as 
aerobic d an ce  (Hopkins, Murrah, Hoeger, & Rhodes, 1990),  jogging (Buccola 
& S tone , 1975 ) ,  and  c la sse s  em phasizing s tre tch ing  (Frekany e t  al., 1975) 
have also been  sh o w n  to  improve sit and  reach  perfo rm ance.
J a c k so n  and Langford (1989) found m ode ra te  correlations b e tw ee n  sit and 
reach  perfo rm ance  and  both  ham string and low er back  flexibility in 5 2  males. 
The sam e  resea rch e rs  found w eaker  correlations in 5 2  fem ales. Lower back  
and ham string flexibility w ere  determ ined by p ro ced u res  sup p o r ted  by the  
American A cadem y of O rthopaedic  S u rgeons .  H amstring flexibility w a s  
determ ined  by th e  use  of a goniom eter. While th e  sit and reach  has  been  
ques tioned  a s  an  indicator of overall flexibility (Shephard , 1990), it con t inues  
to  be a valuable field t e s t  b e ca u se  it replicates th e  sa m e  action  perfo rm ed  in 
daily ta sk s  su ch  a s  bending and reaching.
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Kraus and Raab (1961) claimed th a t  limited flexibility as  m easu red  by the  
sit and  reach  m ay be a predictor of back  pain bu t no cu rren t s tu d ie s  have  been  
found to  validate  th is  hypothesis .  Additionally, conflicting ev idence  ex is ts  as  
to  th e  efficacy  of s tre tch ing  to  p reven t d e lay ed -o n se t  m uscle s o re n e s s  (High, 
Howley & Franks, 1989) or reduce  the  potential for low back  pain (Plowman, 
1992).
Aailitv
Overview
Agility m ay be defined a s  the  physical ability to  c h a n g e  body position and 
direction quickly and accura te ly  (Jo h n so n  & Nelson, 1979).  A ccording to  
Bosco e t  al., (1983),  th e  te rm s "coordination" and  "dynam ic balance"  hav e  also 
been  used  to  explain th e  sam e  physical qualities. J o h n s o n  e t  al. (1979) s ta te s  
th a t  agility w a s  on ce  th o u g h t  to  be genetically  determ ined  but s tu d ie s  have 
indicated th a t  agility can  be improved with practice .
Agility is com m only  m easured  in you th  f itness  t e s t s  and te s t s  for college- 
age  people. Exam ples of classic agility t e s t s  include th e  Burpee s q u a t  th ru s t  
te s t  and  th e  Illinois Agility Run (Bosco e t  al., 1983 ) .  T hom as and  Nelson
(1990) no ted  poor correlations am ong agility te s t s ,  concluding th a t  general 
agility is nonex is ten t.
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A lthough th e  te rm  "agility" is rarely used  w h en  talking a b o u t  th e  senior 
population, th e  need  for agility is no t le ssened . The te rm  "physical mobility" 
is m ore frequently  applied to  th e  elderly. Though physical mobility is often  
taken  for g ran ted , it is a com plex series  of m ov em en ts  (Tinetti, 1986).
Physical mobility in the  elderly is essentia l in a variety of basic  ta sk s ,  for 
exam ple , transferring  from a lying or sitting position to  a s tand ing  position or 
walking a sh o r t  d is tance . In an  epidemiologic s tu d y  by th e  National Institute 
on Aging ab o u t  4  to  6%  of the  senior adu lts  had problem s with transferring  
from a bed to  a chair or using a toilet (Cornoni-Huntley e t  al., 1986)
Walk te s t s  may be used to  indicate pathological mobility problem s 
(Tinetti, 1986 ) .  A lthough an observed  w alk  m ay t e s t  so m e  physical mobility 
functions ,  m an eu v ers  requiring arm  s tren g th  in transferring and  dynam ic 
ba lance in turning are  not readily observed .  In order to  t e s t  for a  g rea te r  variety 
of physical functions, te s t s  such  as  th e  "up and go" have been  developed .
The timed "up & go" te s t  w a s  designed  by Podsiadlo and  Richardson
(1991) to  t e s t  functional mobility in pa tien ts  a t  a geriatric day  hospital. The 
a u th o rs  determ ined  th e  te s t  w as  valid a s  a predic tor of ability of p a t ien ts  to  go 
ou ts ide  safely. In th e  timed te s t  the  sub jec t  w a s  instruc ted  to  m ove from a 
chair to  a point 3 m e te rs  aw ay , th en  return to  th e  chair. The te s t  w a s  able to  
discrim inate b e tw e e n  the  independen t and th e  very frail, bu t did no t ap p ea r  
sensitive  enough  to  m easure  g radations  of functional mobility.
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The Arm Chair Aailitv T est
T he arm  chair agility t e s t  w a s  one  te s t  in a ba tte ry  used  by Hopkins e t  
al. (1990) to  d o cu m en t  ch an g e  in an  experim ental exerc ise  group. The 
experim ental group sh o w ed  significant im provem ents  in agility tim e afte r  a 12- 
w e e k  exerc ise  program  (Hopkins e t  al., 1990).  No published s tud ie s ,  how ever,  
have  reported  e ither th e  reliability or validity of th e  te s t .
Manual Ability
O verview
M anual ability is defined a s  th e  "...ability to  use  o n e 's  h an d s  in every  day 
activities" (Williams, 1982) such  a s  opening  doors ,  typing and  using a sso r ted  
im plem ents . This ability is o ften  ta k en  for g ran ted  until old age ,  w h e n  arthritis, 
d e c re a se d  m uscu lar  s treng th  and  d ec re a se d  m otor perfo rm ance  m ay limit u se  
of th e  h an d s .  In s tud ies  by th e  National Institute on Aging, b e tw e e n  2 and 4 %  
of all sen io rs  needed  a s s is tan ce  or w ere  unable to  perform m anual ta sk s  
involved in eating  such  a s  using a fork, knife or drinking g lass  (Cornoni-Huntley 
e t  al., 1986).
The m e asu re m en t  of m anual ability, operationally know n as  m anual 
perfo rm ance , h as  been  divided into 2 7  se p a ra te  ta sk s  th a t  are  tim ed (Williams, 
1982).  The cum ulative time defines the  s u b je c t 's  functional s ta tu s .  The ta sk s  
include (a) opening  and closing co m p ar tm e n ts  su ch  as  la tches  and  locks, and
(b) dom inan t and  non-dom inant hand skills such  a s  writing a sh o r t  s e n te n c e ,  
picking up ob jec ts ,  and simulating actions  a sso c ia ted  with eating.
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A University of North Carolina s tu d y  on d e p e n d e n c y  of th e  elderly 
d iscovered  a high correlation b e tw ee n  tinned m anual p e rfo rm ance  and 
institutionalization in a group of geriatric w om en  (Williams, 1982).  This 
hypo thes is  w a s  validated in a s tu d y  of 128  w om en  of 75  to  9 4  years  of age. 
M anual ability w as  also highly correlated  with mental s ta tu s  in th e  sam ple  
(O stwald, S now don , Rysavy, Marie, K eenan, & K ane, 1989 ) .  Williams' (1987) 
s tu d y  of 1 ,1 0 6  sub jec ts  concluded  th a t  tim ed m anual perfo rm ance  m ay be  one 
of th e  earliest m arkers of functional decline and has  th e  potential to  be used  in 
clinical prac tice  for intervention (Williams, 1990). S ub jec ts  w h o  required no 
additional care  com pleted  the  te s t  ba tte ry  in an average  of 3 5 7  s e c o n d s ;  th o se  
placed in in term ediate  care  took  451 s e c o n d s ;  and th o s e  placed in a skilled 
nursing facility took  an average  of 5 4 8  seco n d s .
The Soda  Poo T es t
The "so d a  pop" te s t  has  been  used  a s  a  m e asu re m en t  of m anual ability 
or "coordination" for men and w o m en  (Hoeger, 1988). th e  su b jec t  m anipula tes  
1 2 -o u n ce  so d a  ca n s  accord ing  to  s tan d a rd  p rocedures ,  and  coord ina tion  is 
b ased  on th e  time taken  to  accom plish  the  ta sk . Percentile ranks have  been 
given, bu t w ithou t age  classifications. No information has  been  published 
ab o u t  th e  reliability or validity of th e  te s t .
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M uscular S treng th . Size and  Endurance
O verview
M uscular s tren g th  and  en d u ran ce  have been  essen tia l  for hum an  survival 
and  well-being. W hereas  less physical p ro w e ss  is n e c e ssa ry  in a 
technologically  adv an ced  socie ty , a minimal am o u n t of m uscu lar  s treng th  and 
en d u ran c e  is imperative for independen t functioning (Work, 1989 ) .  M uscular 
s tren g th ,  size and e n d u ran c e  are  o ften  th e  keys  to  performing so-called 
Activities of Daily Living (ADL) (Fleg, 1988 ; A lexander, Schultz, & W arwick,
1991).  ADLs are everyday  ta sk s  th a t  are im portan t for normal functioning. 
There a re  several ADL lists. Generally th ey  include:
(a) locomotive ta sk s  su ch  a s  walking and climbing stairs ,
(b) changing ta sk s  su ch  as  s toop ing  and kneeling,
(c) lifting and  carrying ob jec ts  such  a s  groceries ,
(d) pushing and  pulling ob jects ,
(e) working with large ins trum en ts ,  such  a s  a b room , and
(f) working with small im plem ents  such  as  writing and eating utensils
(Adrian, 1990).
S urveys have been  co n d u c ted  to  determ ine th e  ability of older adu lts  to 
perform  ta sk s  th a t  require m uscu lar s treng th  and e n d u ran c e .  In the  
Fram ingham  Disability S tudy  (Je t te  & Branch, 1981),  1 3 %  of th e  men and 
41 % of th e  w o m en  from 55 to  6 4  y ears  of age  felt unable  to  lift a w eigh t 
grea te r  th a n  10 pounds; in th e  75  to  8 4  age  group 2 8 %  of th e  m en and 6 6 %
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of th e  w om en  felt unable to  lift m ore th an  a 10-pound  w eigh t.  In th e  National 
Institute on Aging su rveys ,  th e  inability to  perform  h eavy  h o u sew o rk  ranged  
from 17 %  in 65- to  69 -year  old Iowa w om en  to  8 9 %  in East Boston w o m en  
85  years  of age  and  older (Cornoni-Huntley e t  al., 1986).
M uscular s t ren g th  and endu rance  m ay be a limiting factor even  in 
walking (Fiatrone, Marks, Ryan, Meredith, Lipsitz, & Evans, 1990).  Fiatrone e t  
al. (1990) found a - .7 4 5  correlation with quadriceps  s tren g th  and walking time 
in a small group of men and w om en  over 9 0  years  of age .  In frail men and 
w om en  6 4  to  8 5  years  of age , lower limb s tren g th  w a s  concluded  to  be a 
major facto r in treadmill walking perform ance (Cress, Esselm an, Lateur, Alquist, 
& Buchner, 1992).
The inability to  perform ta sk s  w here  s t ren g th  is needed  m akes 
independen t life difficult (Work, 1989). S om etim es  m uscu lar  s treng th  in one  
m uscle  group m ay be used  to  co m p e n sa te  for lack of s tren g th  in o ther  m uscle  
groups. For exam ple , an  elderly person  with w eak  leg m usc les  may be able to  
u se  arm m uscles  to  lift ou t  of a chair (Alexander e t  al., 1991).  Still, th e  
functionally unfit m ay require long-term a s s is ta n c e ,  or in ex trem e c a se s ,  
institutionalization (Elston, e t  al., 1991 ; Branch e t  al, 1983).
W hereas  th e  literature on aging and physical function  has  previously 
em phasized  aerobic  capacity ,  n e w  research  has  investigated  m uscu lar  s tren g th ,  
size and en d u ran ce  in th e  elderly. M uscular s t ren g th  and  e n d u ran c e  ap p ea rs  
to  reach its peak  b e tw e e n  th e  ag e s  of 2 0  and 3 0  (Hettinger, 1961).  Norms of
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isom etric grip s tre n g th  (Clement, 1974),  push -ups  (Shephard , 1986 ) ,  and 
bench  p ress  and  sit-ups (Golding e t al., 1989) confirm th e  loss of s t ren g th  with 
age. Peak  anae rob ic  pow er, m easured  by a vertical jum p on a fo rce  platform, 
w as  also low er in m a s te r  a th le te s  com pared  to  yo u n g er  a th le te s  (Grassi, 
Cerretelli, & Marconi, 1991).  Grassi e t  al. (1991) found th a t  the  7 5 -year  old 
a th le te s  d isplayed ab o u t  5 0 %  of th e  peak  po w er  of th e  20-year  old a th le te s .  
Som e s tud ie s ,  how ever,  have indicated th a t  s tren g th  need  no t  d e c re a se  
significantly until th e  six th  d eca d e  of life (Davis e t  al., 1980).
Several theo ries  have  been ad v an ced  ab o u t  th e  d ec re ase d  a m o u n t  of 
s treng th  and en d u ran c e  with age. The age-re la ted  loss in m uscu lar  s t ren g th  
(Reed, Pearlm utter,  Y ochum , Meredith, & M ooradian, 1991) and e n d u ran c e  
(Makao, 1989) has  been  assoc ia ted  with a d e c re a se  in m uscle  size and  c h a n g e s  
in th e  com position  of m uscle  tissue. A d e c re a se  in th e  num ber of ty p e  II fibers 
(Melichna, 1990 )  and  loss of innervation (Moritani & DeVries, 1980) have  been  
a sso c ia ted  with less m uscu lar s treng th  and  en d u ran c e .  In CT s c a n s ,  older men 
appea red  to  have  g rea te r  am oun ts  of non-m uscle  t i s su e  ( su b cu tan e o u s  fat, 
bone  and skin) th an  y ounger  men (Rice, Cunningham , Paterson , & Lefcoe,
1989).
C onversely , so m e  s tud ies  of people in physically dem anding  jobs  have  
s h o w n  little or no d e c re a se s  in m uscular perfo rm ance  with age  up to  re tirem ent 
(Davis e t  al., 1980 ) .  T h ese  s tud ies  su p p o r t  th e  theo ry  th a t  activity m ay be  an 
im portan t fac to r  in maintaining m uscular s tren g th  and  en d u ran c e  w ith age
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(Davis e t  al., 1980 ) .  Similarly, s tud ies  s h o w  th a t  a th le te s  have  larger m uscle  
fibers (Melichna e t  al., 1990) and g rea te r  re s is tance  to  m uscu lar  fa tigue 
(Laforest e t  al., 1990) th a n  non-a th le tes .
R esis tance  training s tud ies  show ing  s treng th  gains and  m uscular 
hypertrophy  in th e  elderly also  s u g g e s t  th e  im portance  of activity for 
maintaining function (Fiatarone e t  al., 1990).  R esearchers  have  reported  
increased  s tren g th  and  m uscle  fiber area  with training in both  elderly men 
(Frontera e t  al., 1990) and w o m en  (Charette , McEvoy, Pyka, Snow -H arter, 
Guido, Wiswell, & M arcus, 1991).  In both  s tud ies  m uscle  fiber a rea  w as  
de term ined  by biopsies of th e  v a s tu s  lateralis. C hare tte  e t  al. (1991) found an 
increased  area  of ty p e  II m uscle  fibers in th ir teen  exercising w o m en . Frontera 
e t  al. (1990) found no ch an g e  in fiber ty p e  distribution for older exercising men, 
bu t did find a 1 5 %  increase in capillaries per fiber and  a 3 8 %  inc rease  in citrate 
s y n th a s e ,  a m arker for m uscle oxidative capacity .  O ne s tu d y  found s treng th  
gains and  a loss in a sum  of sev en  skinfolds, bu t no gain in lean m a ss  in older 
m en and  w o m en  w h o  participated  in 2 6  w e e k s  of res is tance  training (Hagberg, 
G raves , Limacher, W oods, Leggett,  Cononie, Gruber, & Pollock, 1989).
Training e f fec ts  are possible even  in th e  extrem ely  elderly. An 8 -w eek  
s tu d y  a t  T ufts  University found gains in m uscu lar s treng th ,  size de term ined  by 
CT sc a n ,  and  en d u ran c e  with high in tensity  training in a group of nine persons  
over 9 0  years  of age  (Fiatarone e t  al., 1990).  Tw o of th e  su b jec ts  w ho 
required c a n e s  before  the  s tudy  w ere  able to  walk w ithou t aid a f te r  th e  8 -w eek
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program . Four w eek s  afte r  th e  program  ended , ho w ev er ,  s t ren g th  declined 
significantly in the  group (Fiatrone e t  al., 1990).
T w o projects p resen ted  a t  th e  1 9 9 2  ACSM national conven tion  reported  
th a t  sen io rs  can  improve their ba lance  with s treng th  training. S ub jec ts  in a 12- 
w e e k  program  using elastic  tub ing  d em o n s tra ted  im provem en ts  in ba lance te s t s  
(Topp, M ikesky, W igglesw orth , & Edw ards, 1992 ) ,  and  in a n o th e r  s tudy ,  
su b jec ts  performing heavy  res is tance  s treng th  training im proved ba lance  on a 
moving platform (Parsons, Foster, Harman, Dickinson, Oliva, & W esterlind,
1992).
S treng th  T e s ts
Several te s t s  have been  used  to  m easu re  upper body  m uscu lar  s treng th  
and  en d u ran c e .  Besides hand grip s treng th ,  w hich is d iscu ssed  separa te ly  
below , th e s e  include push-ups  and  pull-ups (Clarke, 1945 ) ,  th e  bench  press  
(Golding e t  al., 1989) and  arm  curls (AAHPERD, 1990).
P iscopo (1984) has  s ta te d  th a t  pu sh u p s  and bench  p re s se s  a re  no t sound  
m e a su re s  of upper body s tren g th  in th e  elderly b e c a u se  of th e  difficulty m any 
have  in performing even  one  repetition. Norms of th e  modified push-up  for 
fem ales  6 0  to  69  years  of ag e  s h o w  th a t  only five repe titions  would be 
cons idered  above  average; tw o  to  four, average; and  tw o  or less  repetitions 
be low  av e ra g e  (Miller, 1988).  P iscopo (1984) has s ta te d  th a t  push -u p s  are 
a lso  limited in their u sefu lness  b e c a u se  s u c c e s s  is a t tr ibu ted  to  sh o r te r  arm  
length.
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The problem s a sso c ia ted  w ith using high re s is tance  w e ig h ts  w ith sen iors  
w ere  illustrated by Pollock e t  al. (1991) w h o  perform ed one  repetition 
m aximum (1RM) te s t ing  in 57  older sub jec ts .  Testing  resulted  in 11 injuries 
including 5 shou lder injuries and  1 back  injury in c h e s t  p ress  testing .
Push-ups and bench  p re s se s  are no t used  in th e  AAHPERD te s t  for 
functional f itness.  The functional f itness  ba tte ry  relies solely on arm  curls as  
a m e asu re m en t of s tren g th  and endu rance .  Arm curls, like th e  o the r  te s t s ,  m ay 
no t d em o n s tra te  to tal upper body s treng th ,  bu t  still m ay be a valid indicator of 
functional f itness. Arm curls require th e  use  of th e  upper arm  and e lbow  w hich 
a re  involved in m any  daily ta sk s .  Lifting groceries  and  even  using eating 
utensils  are daily activities using th e  sam e  m usc les  required for arm curls.
The Hand Grip S treng th  T es t
The Fram ingham  Disability s tu d y  found th a t  17%  of th e  seniors  su rveyed  
had so m e  difficulty with holding small ob jects .  Hand grip s tren g th ,  or m ore 
simply grip s treng th ,  is n ece ssa ry  for several m anual ta sk s  su ch  as  holding on 
to  ob jec ts  or open ing  jars, and also in such  ADL ta sk s  a s  transferring  from a 
s tand ing  position to  sitting in a chair. Poor grip s tren g th  has  also been  related 
to  injurious falls in th e  elderly (Nevitt, Cum m ings, & H udes, 1991); it is 
theorized th a t  it m ay provide th e  elderly with a p ro tec tive  re sp o n se  to  falling. 
The loss of grip s tren g th  with age  has  been  d o c u m en ted  for m ore th an  a 
cen tu ry  (Milne & Maule, 1984).
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Grip s tren g th  has  been  used  a s  a m easu re  of total body  s tren g th  based  
on th e  assu m p tio n  of a good correlation b e tw e e n  grip s tren g th  and  overall body 
s treng th  (O sness  & Hiebert, 1990). Rogers also used  right and left grip s tren g th  
in th e  Physical F itness Index (Clarke, 1945).  The YMCA in rece n t  tim es, 
how ever,  h as  eliminated te s t s  of grip s tren g th  b e c a u se  p e rso n s  in its exerc ise  
p rogram s w ere  show ing  increases  in overall body  s treng th  bu t no t  in grip 
s tren g th  (Golding, 1992).
Grip s tren g th  has  been  widely te s te d  in th e  aged  (Kimura, 1990 ) .  Grip 
s tren g th  s c o re s  have  been  positively related to  height and w e igh t (Clement, 
1974) and  males ten d  to  sco re  higher th a n  w o m en  on grip s t re n g th  te s t s  
(Clement, 1974).
Grip s tren g th  has  also been  investigated  as  a tool for determ ining m ental 
s ta tu s  and  predicting mortality in th e  elderly. In a c ro ss -sec tiona l s tudy ,  
C lem ent (1974) found a 4 0 %  difference in grip s tren g th  b e tw e e n  th e  a g e s  of 
3 0  and  8 0  with a w eak  positive correlation b e tw e e n  grip s tre n g th  and 
intellectual level. Phillips (1986) found low er grip s treng th  sc o re s  related to  
lower m ental t e s t  s co re s  and increased  mortality in fem ale geriatric patien ts .  
A longitudinal s tu d y  of older people in Edinburgh (Milne e t  al., 1984) found 
survivors of th e  5-year s tudy  had a b e t te r  m ean handgrip sco re  a t  first 
exam ination th an  their d ec e a se d  coho rts .  The s tudy , how ever ,  found no 
relationship b e tw e e n  handgrip sco re s  and dem entia .
32
Cardiorespiratory  Endurance
O verview
Som e experts  believe th a t  card ioresp iratory  en d u ran c e ,  th e  ability of the  
heart ,  lungs, circulatory sy s tem , and skeletal m usc les  to  su p p o r t  prolonged 
aerobic  activity, is the  m o s t  im portan t co m p o n en t of functional f itness  (O sness, 
1 9 8 9 ; S hephard , 1987).  In th e  last 3 0  to. 4 0  y ears ,  th e  em phasis  of 
physiological tes t ing  in h um ans  h as  been  on a sse s s in g  card iac  and  pulm onary 
function . Resting and exerc ise  hear t  ra tes, s troke  volum e, a - v 0 2 difference, 
and  maximal aerobic capac ity  (V 02mJ  are th e  m o s t  com m on  variables m easured  
in card ioresp ira tory  tes t ing .
Several s tud ies  (Borkan & Norris, 1980 ; Blumenthal, Emery, M adden, 
G eorge, Colem an, & Riddle, 19 8 9 ; Morey, 1991) indicate  th a t  increasing 
activity levels and training during adult y ears  m ay s low  th e  decline of 
physiological function. A th le tes  have  been  th e  su b jec t  of m any  s tu d ie s  in th e  
biology of aging. Rivera (1989) found lower m ean s  of V 0 2m„, s tro k e  volume, 
m axim um  h ear t  ra te  and  a - v 0 2 differencein m aste r  runners  (m ean ag e  5 6 .6  
years) com pared  to  younger  trained  runners .
A longitudinal s tu d y  of cham pion  runners  also  found diminished V 0 2m„x 
(from 7 1 .4  ml/kg in you th  to  4 1 .8  ml/kg) and  m axim um  hea r t  ra te  (from 1 86  
bpm  to  1 8 0  bpm) in a th le te s  25  to  4 3  y ears  old a f te r  th e  end  of their 
com petit ive  ca reers .  The sm alles t  loss of V 0 2max w a s  found  in tw o  non-sm oking 
a th le te s  w h o  continued  to  exerc ise ; tw o  a th le te s  w h o  sm o k ed  and  w ere
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sed en ta ry  w e re  th e  only su b jec ts  w ith V 0 2m„x be low  th e  population av e rag e  
(Robinson, Dill, Robinson, Tzankoff, & W agner,  1976).  In a 10-year 
longitudinal s tu d y  of m a s te r  a th le tes ,  re sea rch e rs  reported  no significant 
d ec re m en t  in V 0 2m„x in a th le te s  th a t  remained com petit ive  bu t m axim um  heart  
ra te  d ec re a se d  by 7 b e a ts  per minute (Pollock, Foster, Knapp, Rod & Schm idt,
1987).  Rogers, H agberg, Martin, Ehsani, and  Holloszy (1990) found th a t  a f te r  
e igh t years  th e  V 0 2m„x of a group of m aste r  a th le te s  declined from 5 4 .0  ml/kg 
to  5 1 .8  ml/kg, while a s ed en ta ry  control group declined from 3 3 .9  ml/kg to  
3 0 .6  ml/kg.
Training s tud ies  perform ed with hea lthy  n on -a th le te s  indicate th a t  
p rogram m ed exerc ise  m ay increase  physiological p e rfo rm ance  in older people. 
H ealthy men b e tw e e n  6 0  and  7 0  years  of ag e  w h o  partic ipa ted  in 12 w e e k s  of 
high-intensity aerobic  exerc ise  increased  their V 0 2m.x by 3 8 % , com parab le  to  th e  
ra te  of V 0 2m.x increase  in a training group of m en 2 0  to  3 0  y ea rs  old (Makrides, 
H eigenhauser,  & J o n e s ,  1990).  The c h a n g e  in V 0 2m„x w a s  also a sso c ia ted  with 
c h a n g e s  in a - v 0 2 difference, physical w ork capacity ,  and  s troke  volum e and 
maximal card iac  o u tp u t  (Makrides e t  al., 1990).
S tudies  h av e  sh o w n  mixed results  w ith  th e  e ffec t  of lower in tensity  
training in sen iors . S idney and  S hephard  (1978) reported  ch a n g e s  in aerobic 
capac ity  in a high-intensity  aerobic program, bu t only small and nonsignificant 
gains in maximal aerob ic  capac ity  with low -intensity  aerob ic  w ork  (Sidney e t 
al., 1978).  O ther s tu d ie s  have  sh o w n  th a t  low er in tensity  aerobic w ork  w hich
34
ach ieved  a 3 0  to  4 5 %  heart  ra te  reserve  could improve aerobic  cap ac ity  and 
reduce  h ea r t  ra te  a t  subm axim al w ork loads (Badenhop e t  al., 1 9 8 3 ; DeVries, 
1971).
A rece n t  s tu d y  reported significant inc reases  in V 0 2m„x with nonaerob ic  
a s  well a s  aerobic exerc ise  in older s ed en ta ry  individuals (S te inhaus, D ustm an, 
Ruhling, Em m erson, Jo h n so n ,  Shearer ,  Latin, Sigeoka, & Bonekat, 1990).  In 
a four-m onth  training s tudy , m em bers  of an  aerobic exerc ise  group increased  
their V 0 2max by 2 7 % ; a group of contro ls  w ho  did s tre tch ing  exerc ises  also 
increased  their V 0 2m„x by 9% . As a result of this s tudy , S te inhaus  e t  al. (1990) 
concluded  th a t  for extrem ely  unfit people , flexibility and s tre tch ing  exerc ises  
m ay be sufficiently in tense  enough  to  im prove aerobic capac ity .
Walking and  Cardiorespiratory F itness
Fossil ev idence  indicates th a t  h um ans  and their a n c e s to rs  have  been  
walking for approxim ately  th ree  million years .  The bipedal str ide  is a unique 
m o v em en t th a t  distinguished hum ans  from o the r  animals and  m ade  th e m  m ore 
adap tab le  to  th e  env ironm ent (Park, 1992).  Walking has a lw ays  been  a form 
of t ranspo rta t ion ,  and  even  today  it rem ains th e  major m ode of t ranspo rta t ion  
in m any cu ltu res .  In technological socie ties , how ever,  walking has ,  to  a g rea t 
ex ten t ,  given w a y  to  th e  autom obile  and  o the r  m echanized  tran sp o r ta t io n  (Park,
1992).
M ost sen io rs  have  few  problem s w ith  walking a c ro ss  a small room  (J e t t e  
e t al., 1981 ) .  H ow ever, a high p e rc e n ta g e  of sen iors  do no t feel able to  walk
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a half-mile. National Institu te  on Aging su rveys  of p e rso n s  in th e  65  to  6 9  
y ears  ag e  group s h o w  th a t  inability to  walk a half-mile ranged  from 8 .5 %  in 
N ew  H aven males to  2 0 .5 %  in Iowa fem ales. Inability to  w alk  th e  d is tance  
w a s  even  m ore com m on in older seniors . In th e  85  year  and  over groups, 
inability to  walk a half-mile ranged  from 2 8 %  in N ew  H aven m ales to  6 1 .2 %  
in N ew  Haven fem ales. At a lm ost every  age, m ales w ere  m ore likely to  report 
being able to  walk a half-mile than  fem ales  (Cornoni-Huntley e t  al., 1986).
For m any people in w estern ized  socie ties , walking has  becom e 
repopularized a s  a m ode of exerc ise  for all ages .  W h ere as  participation in o ther 
m e th o d s  of aerobic exerc ise ,  such  a s  jogging and bicycling, declines with age , 
walking maintains its popularity with th e  senior population (O strow , 1984).  In 
a four year  s tu d y  of older exercising adults ,  sub jec ts  m entioned  walking as  their 
m o s t  com m on  form of exerc ise  (S teinhaus, D ustm an , Ruhling, Em m erson, 
J o h n so n ,  & Shearer, 1990).
For th e  elderly, sa fe ty  is a major concern  b e c a u se  acc id en ts ,  particularly 
falls, m ay result in serious injury (Speechley & Tinetti, 1991).  While jogging 
and bicycling may result in o v e ru se  synd rom es  and acc id en ts ,  walking permits 
th e  elderly to  exerc ise  with sufficient bu t safe  intensity  for inc reased  physical 
and  p e rhaps  mental function (Shephard, 1990 ; Pollock, Carroll, Graves, 
Leggett, Braith, Limacher, & Hagberg, 1991). Sorock , Bush, Golden, Fried, 
Breuer, and  Hale (1988) found th a t  people w ho  exerc ised  regularly had a lower 
risk for bone  frac tu res  th a n  se d e n ta ry  individuals, and  theorized  th a t  exerc ise
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such  as  walking has  a pro tective e f fec t  for frac tu re  risk in th e  elderly. In a 26- 
w e e k  walk/jog program , Pollock e t  al. (1991) found o n e  injury in 21 su b jec ts  
during th e  13 -w eek  walking phase . W hen sub jec ts  p rog ressed  to  an  interval 
program  with m ore intensive training, 8 of 14 su b jec ts  developed  a t  least  one 
injury.
Even th o u g h  walking is considered  a reflexive ta sk  for m o s t  people, it is 
am ong  th e  m o s t  com plex hum an m ovem en ts ,  involving m any physiological and 
psychom oto r  co m p o n en ts .  Research indicates  th a t  aging resu lts  in d e c re a se d  
physiological function and  is there fore  a limiting fac to r  in walking perfo rm ance  
(Himann, C unningham , Rechnitzer, & P a tte rson ,  1988 ; Kohrt, Malley, C oggan, 
Spina, O gaw a, Ehsani, Bourey, Martin, & Holloszy, 1991).
A lthough walking is a con tinuous  skill, th e  walking p a t te rn  m ay be 
divided into m o v em en ts  or phases .  T ogether ,  th e s e  p h a se s  co n s ti tu te  the  
walking cycle. According to  Adrian (1989) walking is ex trem ely  difficult to 
analyze. Generally, walking is divided into tw o  phases :
(a) th e  s ta n c e  or suppo rt phase  w hich co n s is ts  of heel strike, foo t flat, 
heel off, flexion a t  the  knee and toe  off, and (b) th e  sw ing  p h a se  w hich 
co n s is ts  of to e  c lea rance  and leg sw ing  (Adrian, 1989).
With age , d ec re ase d  physiological and  p sy ch o m o to r  perfo rm ance  result 
in ad ap ta t io n s  in walking pace , stride length and rate , sup p o r t  p h a se  and  force 
production . For sen iors , a self-selected walking p a c e  allows th e  individual 
safely  and  efficiently (Himan e t  al., 1988).
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Slow er walking s p e e d s  have  also  reported  to  be "self-optimizing" for 
o xygen  consum ption  (Holt, Hamill, & A ndres, 1991).  In a  s tu d y  of five males 
and th ree  fem ales ,  ag e s  21 to  3 7  y ea rs ,  Holt e t  al. (1991) found th a t  sub jec ts  
se lec ted  a walking speed  th a t  w ould  minimize th e  m etabolic  c o s t  for th e  
d is tance  covered . The re sea rche rs  noted  th a t  a low frequency , long stride 
length p roduced  significantly higher m etabolic  c o s ts  th an  a high frequency , 
sh o r t  stride. In healthy  older people, walking is s low er th a n  in yo u n g er  healthy 
individuals. S low er walking s p e e d s  have  been  attr ibu ted  to  a d e c re a se d  stride 
length and  stride rate, and a longer su p p o r t  p h ase  (Ferrandez, Pailhous, & 
Durup, 199 0 ; Murray, Kory, & Clarkson, 1969).  The longer s u p p o r t  p h ase  is 
theorized to  be a sa fe ty  m echanism , ensuring  g rea te r  stability and  ba lance . In 
a c ross-sec tiona l s tu d y  of 2 8 9  m ales and 1 49  fem ales, Himann e t  al. (1988) 
found a d ifference in walking sp e e d  of one  to  tw o  percen t  per d e c a d e  before 
age  62 , and a 1 2 .4 %  per d eca d e  d ifference in fem ales  and  16.1 % difference 
in m ales a f te r  ag e  62 . With th ree  different pace  ins truc tions, younger 
individuals w alked  a t  fas te r  s p e e d s  with a longer s te p  length and  m ore rapid 
s tep  frequency  (Himann e t  al., 1988).
In a s tudy  of 13 elderly m en and 15 young  m en, Larish, Martin, and 
Mungiole (1988) found th a t  older sub jec ts  increased  stride  f requency  to  
c o m p e n sa te  for th e  shorte r  s tride leng ths  to  ach ieve fa s te r  walking s p e e d s .  
Shorter  height or diminished hip flexibility w ere  m entioned  a s  possib le  fac to rs  
for th e  sh o r te r  s tride lengths in th e  older group (Larish e t  al., 1988).
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Age may no t be th e  only fac to r  in s low er walking perfo rm ance . Som e 
s tu d ie s  indicate th a t  inactivity (Bassey, 1982 ; C unningham , Reichnitzer, & 
D onner, 1982) and d isease  (Winter, 1989 ; Tinetti, 1991 ) ,  ra ther th an  aging 
itself, m ay have contributing roles in s low er walking perfo rm ance . Walking 
perfo rm ance  is also d ec re a se d  with increased relative body  w eigh t (Bassey, 
M acdonald , & Patrick, 1982).  In a s tu d y  of 2 7 7  healthy  adu lts  ranging from 
2 0  to  65 years  of age , B assey  e t  al. (1982) found th a t  height aided walking 
perfo rm ance , and ag e  and  body m a ss  index adverse ly  a ffec ted  walking tim es. 
The single g rea te s t  fac to r  for s low er walking tim es in a su b g ro u p  of 6 4  sub jec ts  
w a s  p e rce n t  body fat p redic ted  by skinfold equa tions ,  d e c re a se d  m uscle  m ass ,  
and d ec re a se d  m uscle  force production (Bassey e t  al., 1982).
Walk T es ts
Walking te s t s  have  been  used  in a variety of w ay s .  Treadmill walking 
p ro toco ls  are  used to  de term ine  subm axim al and maximal va lues  for heart  ra te  
and  oxygen  consum ption  (ACSM, 1991).  For th e  ex trem ely  frail elderly, a 
timed 6-foot walk te s t  h as  been  used  as  a m e a su re m e n t  of functional ability 
(O stwald, Snow don , Rysavy, Keenan, & Kane, 1989).
Self-paced walking (also referred as  se lf-se lec ted  walking pace) w a s  
developed  by Bassey, Fentem , MacDonald, and Scriven (1976) to  t e s t  physical 
perfo rm ance  in th e  elderly. In self-paced  walking, th e  su b jec t  m oved a t  a 
personally  se lec ted  pace  in re sp o n se  to  s tandard  instruc tions . The ins tructions 
in B assey  e t  al. (1976) a t  various tim es w ere  "to  go 'ra th e r  s low ly , ' 'a t  a
39
normal pace ,  neither fa s t  nor s lo w , '  and  'ra th e r  fas t,  bu t w ith o u t over-exerting  
you rse lf . '"  Results w ere  co n s is ten t  in re te s ts  (Bassey e t  al., 1976).
In a s tu d y  of men 6 0  to  65  y ears  of age , a o ne -yea r  p rogram  of 
en d u ran c e  training resulted in a fa s te r  se lf-se lected  walking pace . Their pace  
improved from 1 .2 9  m eters  per s e c o n d  to  1 .43  m e te rs  per seco n d  
(Cunningham , Rechnitzer, & D onner, 1986).
Self-paced  walking has  been  reco m m en d ed  as  a m ode for te s t ing  aerobic 
capac ity  in adu lts  (Porcari, Ebbling, W ard, F reedson , & Rippe, 1989 ) .  T es ts  
have  been  des igned  for program m ed tim es  and d is tan ces ,  ranging from 2 5 6  
m e ters  (Bassey e t  al., 1976) to  1 .5  miles including th e  Rockport Walking T es t  
(Kline, Porcari, H interm eister, F reedson , W ard, M cCarron, Ross, & Rippe, 1987 ; 
Porcari, Ebbling, W ard, F reedson, & Rippe, 19 8 9 ; Sidney & S h ep h ard ,  1977).  
In a s tu d y  of 8 4  m en aged  19  to  6 6  years ,  a correlation of .6 0  w a s  found 
b e tw e e n  V 0 2m„  and walking sp eed  on  a 2 4 0 -m e te r  co u rse  (Cunningham , 
Rechnitzer, P earce  & Donner, 1982).  In a s tu d y  of 169  healthy  adu lts  from  3 0  
to  6 9  y ea rs  of age ,  Kline e t  al. (1987) reported  a correlation of .9 3  with 
maximal o xygen  consum ption  and  tim e in th e  one-mile walk. A rev iew  of 
V02m„ prediction t e s t s  (Kline e t  al., 1987) lists th e  mile w alk  and  th e  1 .5  mile 
w alk/run a s  prediction te s t s  for V 0 2rW bu t d o e s  no t include th e  half-mile walk 
as  a prediction te s t .
AAHPERD (1990) claims th e  half-mile w alk  te s t  is appropria te  for th e  
elderly b e c a u se  it is no more s tre n u o u s  th a n  normal life ac tiv ities  (O sness ,
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1990).  For m any seniors , how ever ,  the  half-mile w alk  w ould  appear  to  be 
unach ievab le  (Cornoni-H untleyet a l . ,1986 ).  Even for th o s e  w h o  are willing and 
able to  com ple te  the  walk, guidelines for walk te s t s  should  be followed to  avoid 
a cc id en ts  or injury. T hese  guidelines include sc reen ing  for any  major health  
problem s and following tes t ing  p rocedures  to  maintain sa fe ty  (O sness ,  1990).
A lthough laboratory te s t ing  h as  been  a preferred, m ore ex ac t ,  m ethod for 
aerobic  te s t ing  in younger and  athletic  individuals, several problem s may arise 
w h en  typical laboratory m e th o d s  are  used with older popula tions . Smith and 
Gilligan (1983) su g g e s t  th a t  th e re  are  a d v an tag es  and  d is ad v an tag es  to  using 
bicycle e rgom eters  w ith th e  elderly. The a d v a n ta g e s  a re  th a t  bicycle 
e rg o m e te rs  are  nonw eight-bearing  and their hand lebars  and  s e a ts  provide 
stability to  th e  rider. They also allow for a cc u ra te  ECG and  blood pressu re  
readings. The d isad v an tag es  are  th a t  som e sen iors  find it difficult to  s tay  
com fortab le ,  keep their fe e t  on th e  pedals  or to  maintain a regular pace.
Laboratory tes t ing  using s te p s ,  bicycles and treadmills hav e  also sh o w n  
high exclusion ra tes  (Chodzko-Zajko & Ringel, 1987).  M any sen io rs  are  unable 
to  m ee t th e  minimal screen ing  guidelines to  permit maximal or submaximal 
t e s t s  w ithou t a physic ian 's  approval, and are the re fo re  d ropped  from the  
s tud ies .  In a group of 7 0  male sub jec ts ,  m ean ag e  63 , Chodzko-Zajko and 
Ringel (1987) reported th a t  3 3 %  of the  su b jec ts  w ere  excluded  from 
subm axim al perfo rm ance te s t ing  due  to  cardiac abnorm alities  or high blood 
p ressu re .
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Unfamiliarity with the  exerc ise  equ ipm en t may also lead to  d ec re ase d  
efficiency and  increased  sub jec t anxiety , resulting in a higher hea r t  ra te s  and 
blood p re s su re s  a t  specific w orkloads (Sidney & S hephard , 1977 ) .  Shephard  
(1990) h as  recom m ended  th a t  t e s t s  using m odes  of exerc ise  o th e r  than  
walking should be reserved  for only th e  m o s t healthy of th e  elderly. O ther 
a rg u m en ts  aga in s t  maximal testing  include th e  c o s ts  of buying and  maintaining 
com plica ted  equ ipm en t and th e  necess i ty  for medical superv ision  for safe  
adm inistration (Shephard, 1990).
Sum m ary
S cien tis ts  and physical ed u ca to rs  have a t tem p ted  to  m easu re  a variety 
of physiological and perform ance variables and their e ffec t on health  and daily 
life. The focus  of t e s t s  and m e asu re m en ts  has  changed  with soc ie ta l needs  
and  d em an d s  (Barrow e t  al., 1989). Likewise, th e  definition of physical f itness 
has  evolved from a s treng th ,  flexibility, and  card ioresp iratory  a s s e s s m e n t  to  a 
perfo rm ance  focus  with a more health-related meaning (Pate, 1988).  Today, 
a variety  of field t e s t s  are  used to  m easu re  physical f itness, and  pe rhaps  to  
predict fu tu re  ability in several subpopu la tions  such  as  you th , g o v ern m en t 
em ployees ,  and  the  elderly. AAHPERD's functional f i tness  b a t te ry  is a 
population-specific  series  of t e s t s  developed  to  m easu re  th e  ability of sen iors  
to  perform  activities of daily living.
Flexibility is an im portant ingredient in ind ep en d en t functioning. 
Flexibility is specific  to  each  joint. Several fac to rs  limiting flexibility include the
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s tru c tu re  of bones , m uscles ,  ligaments, te n d o n s ,  cartilage, fa t  and skin. Injury 
or d isea se  are o ther  limiting fac to rs .  The s it  and  reach  t e s t  is used  com m only  
a s  an  indicator of lower back  and ham string flexibility, h o w ev e r  a recen t s tudy  
by J a c k s o n  and  Langford (1989) questions  th e  validity of th e  sit and  reach  te s t  
a s  an  indicator of low er back  flexibility.
Agility or functional mobility is essential in m any  daily ta sk s ,  from getting 
o u t  of bed to  walking inside or outs ide  th e  house .  W alk t e s t s  and th e  timed 
"up & go" te s t  have been  used  for clinical a s s e s s m e n t  of functional mobility of 
th e  elderly (Podsiadlo, 1991).  H owever, th e  arm chair agility t e s t  used  in the  
functional f itness t e s t  has  not been  te s te d  for validity or reliability.
Manual ability is essentia l every  time too ls  are  u sed .  A bout 2 to  4 %  of 
all sen iors  need a s s is ta n c e  in using a fork, knife, or drinking glass  (Cornoni- 
Huntley e t al., 1986). Williams has  operationalized m anual ability into a 15- 
m inute te s t  of timed m anual perform ance. This t e s t  is being investigated  a s  a 
tool for a ssess in g  functional decline in the  elderly.
M uscular s treng th  and endu rance  are integral fac to rs  in daily functioning 
(Clarke, 1966). Research  indicates  th a t  s treng th  typically begins to  decline by 
th e  age  of 3 0  (Hettinger, 1961),  though  som e people in physically dem anding  
jobs m ay not s h o w  significant lo sses  in s treng th  until re tirem en t (Davis, 1980).  
Training s tud ies  have  found th a t  s treng th  gains are  possible  even  into th e  ninth 
d e c a d e  of life (Fiatrone e t  al., 1990). S om e s tu d ie s  a lso  indicate th a t  
hypertrophy  of m uscle  fibers is also possible in th e  elderly th rough  s tren g th
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training (Frontera e t  al., 1990 ; C hare tte  e t  al., 1991 ) .  There are  several t e s t s  
to  m easu re  s tren g th  and  endurance . Using heavy  w eigh ts  and perform ing one  
repetition m axim um  te s t s  may be con tra ind ica ted  due  to  th e  risk of injury 
(Pollock e t  al., 1991).  The use of th e  arm curl t e s t  in the  AAHPERD functional 
f itness  t e s t  ba tte ry  is ad eq u a te  for a s se s s in g  s tren g th  and en d u ra n c e  in older 
adults  (O sness  e t  al., 1990).
C ardiorespiratory  endu ran ce  is recognized a s  th e  m o s t  im portan t 
c o m p o n en t  of functional fitness and th u s ,  th e  em phasis  of hum an physiological 
tes t ing  has  been  on a sse s s in g  cardiac and pulm onary  function during exerc ise .  
C ross-sec tional s tu d ie s  s h o w  th a t  a th le te s  w ho  con tinue  to  train  have  higher 
levels of card ioresp ira tory  fitness  th a n  less active  age  group peers .  Training 
s tud ies  indicate th a t  cardiorespiratory  en d u ra n c e  can  be e n h a n c e d  th rough  
physical training.
Walking is a vital activity for sen iors  in maintaining card io resp ira to ry  
end u ran ce .  The ability to  walk w ithou t strain is im portan t in maintaining 
independence , ye t  a large num ber of th e  elderly do  no t feel capab le  of walking 
even  a half-mile. For m os t seniors , how ever ,  walking is a familiar pastim e. 
W hen perform ed correctly , walking can  be used  a s  a sa fe  and  effec tive  m ode 
of exerc ise  for improving or maintaining lifetime f itness.  Treadmill walking te s t s  
are  used  in th e  laboratory  and self-paced  w alk  t e s t s  are used  for field te s t ing  
to  eva lua te  card ioresp ira tory  function. Walking perfo rm ance  is a ffec ted  by age ,
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although inactivity, d isease  and  increased body fa t  also con tribu te  to  s low er 
walking tim es.
CHAPTER 3
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METHODS
P rocedures  Prior to  Testing 
Prior to  testing , th e  s tudy  w a s  approved  by th e  Bio-Medical 
S ubcom m ittee  of the  University Institutional Review Board to  en su re  th a t  the  
p rocedu res  w ere  safe . The p roposa ls  to  the  review  board are  p resen ted  in 
A ppend ices  A and  B. The sub jec ts  cons is ted  of 65 (37 male, 2 8  female) Senior 
Olympic a th le te s  ranging from 5 0  to  8 6  years  of age ,  and  7 0  (30  male, 4 0  
female) apparen tly  healthy and  active  individuals from 55 to  81 y ea rs  of age  
w h o  w ere  no t senior a th le te s .  An a t te m p t w a s  m ade  to  recruit a rep resen ta tive  
group of sen iors , how ever, th e  results  indicate th a t  th e  non-a th le te  groups 
primarily cons is ted  of sen iors  m ore physically active th a n  reported  in large 
su rv ey s  (C asperson  e t  al., 1986).  O ne reason  for the  u n rep re sen ta t iv e  sam ple 
is th a t  s ed en ta ry  people tend  to  have  m ore health p roblem s, and  are  either 
unwilling or unable to  perform fitness  te s t s  (Shephard, 1987 ) .  V olunteers  w ere  
recruited  from advert isem en ts  on local television, radio, n e w s p a p e rs ,  and  flyers 
and  a n n o u n c e m e n ts  a t  local Senior Olympic m eetings.
The su b jec ts  w ere  sep a ra ted  into four groups: male a th le te s  (MA), 
fem ale a th le te s  (FA), male non-a th le te s  (MNA), and fem ale n o n -a th le te s  (FIMA). 
T esting  of th e  tw o  senior a th le te  g roups  w a s  performed b e tw e e n  O ctober  and 
D ecem ber 1991 a t  the  UNLV Exercise Physiology Laboratory. The tw o  non­
a th le te  g roups  w ere  te s te d  b e tw e e n  April and Ju n e  1 9 9 2  a t  th ree  s ites: th e
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UNLV laboratory , th e  Dula Senior Citizens C enter  of Las V egas  and  th e  Sun 
City Summerlin Fitness Center, also located  in Las V egas.
Testing P rocedures
Each sub jec t  w as  schedu led  w ith an  one-tim e, one  hour testing  
appo in tm en t and  w a s  asked  to  w e a r  appropria te  exerc ise  clothing: shorts ,  
t-shirt and a thletic  sh o es ;  and reading g la sses  and hearing aids if n ece ssa ry .
Each sub jec t  com pleted  an  informed c o n se n t  form, a Physical Activity 
Readiness Q uestionnaire  (PAR-Q) (see A ppendices  B th rough  D), and  a health 
and lifestyle questionnaire  which w a s  color coded  for gender  (see A ppendices  
F and G). Any ques tions  regarding the  forms or tes t ing  p rocedu res  w ere  
an sw ered ,  and each  sub jec t w a s  given a sub jec t identification num ber for 
anonym ity  in recording, retrieval and  analysis of results.
If any  sub jec t  responded  positively to  any  items of the  PAR-Q, follow-up 
questioning w a s  used  to  determ ine th e  risk of continuing th e  te s t  battery . In 
addition, e a c h  su b jec t  w as  reminded of their right to  decline from taking any 
of the  f itness  te s t s  and  their responsibility to  inform th e  te s te r  if they  
experienced  any  pain or discom fort.
After all of the  paperw ork  w a s  com ple ted , the  su b jec t  and  te s te r  
p roceeded  to  th e  tes t ing  area . The te s t ing  area  consis ted  of nine f itness 
s ta tions:
(1) resting heart  rate and blood pressu re ;
(2) height and  w eight;
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(3) skinfolds and  girth m e asu re m en ts  (for a th le te s  only);
(4) sit and  reach;
(5) grip s treng th ;
(6) agility;
(7) m anual coordination;
(8) a rm  curl; and
(9) half-mile walk.
A ten th  s ta t ion  w a s  used  for completing paperw ork  and  debriefing th e  sub jec ts .
All resu lts  w ere  recorded  on su b jec t  d a ta  s h e e ts  (see a p p en d ices  F and 
G). For th e  non-a th le te  groups, s ta tion  3 w a s  eliminated b e c a u se  age-g roup  
norm s for skinfolds w ere  already available, and  it w a s  th o u g h t  th a t  th e s e  
g roups would be less willing to  su b jec t  th e m se lv es  to  skinfold te s t s .
S tation  1: Heart Rate and  Blood P ressure
Testing w a s  perform ed with the  su b jec t  s e a te d  with both  fee t  on the  
floor. An au to m atic  hear t  rate/blood p ressu re  monitor (Infrasonde model 
D 4000) w a s  u sed  in th e  laboratory and a TRIMLINE s p h y g m o m a n o m ete r  and 
s te th o sc o p e  w ere  used  in th e  field accord ing  to  American Heart A ssocia tion  
s tan d a rd s  (Golding e t  al, 1989).
S tation  2: Height. W eigh t and BMI
Each su b jec t  w a s  a s s e s s e d  in s tock ing  fee t  w ith sh o r ts  or light p an ts  and 
a t-shirt. S tand ing  height in cen tim e ters  w a s  m easu red  with a s tad io m ete r ,  
w ith  th e  su b jec t  looking s tra ight ahead  w ith heels  to g e th e r  ag a in s t  a wall
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(Golding e t  al., 1989).  A HEALTHometer spring sca le  w a s  used  to  m easu re  
w eigh t. W eight w a s  m easu red  in pounds and  co n v er ted  to  kilograms. Body 
m ass  Index (BMI) w a s  com pu ted  as:
height (m eters) /w eigh t (kilograms)2.
Station 3: Skinfold M easu rem en ts  and  Body C ircum ferences
Four skinfold th ick n esse s  w ere  m easured  in millimeters with Lange 
skinfold calipers accord ing  to  YMCA s tan d ard s  (Golding e t  al., 1989):
1. A bdom en: " .. .a  vertical fold approxim ately  1 inch to  th e  right of the  
umbilicus."
2. Ilium: " .. .a  diagonal fold jus t  above  th e  c re s t  of th e  ilium."
3. Tricep: " .. .a  vertical fold on the  back  of th e  upper  arm m idway 
b e tw ee n  the  shoulder and e lbow  joints."
4 . Thigh: " . . .a  vertical fold on the  front of th e  thigh m idw ay b e tw ee n  
groin line and the  top  of th e  patella, (see Figure 1, note : a l though  th e  tes t ing  
w a s  perform ed with Lange calipers, th e  figure u se s  H arpenden  calipers; skinfold 
m e th o d s  for both calipers are  the  sam e). YMCA S um  of 4  tab les  (age and 
gender  specific) w ere  used  to  e s t im a te  percen t fat. The r e s e a rc h e r 's  te s t - re te s t  
reliability w as  .96  in a pilot s tudy .
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Figure 1. Skinfold M easu rem en t (Ilium)
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The following c ircum ferences, in cen t im e te rs ,  w ere  taken  with a plastic 
ta p e  m e asu re  with th e  sub jec t s tand ing , accord ing  to  p ro tocols  from the  
A nthropom etric  S tandardization Reference M anual (Lohman e t  al., 1988):
1. A bdom en: " . . . th e  level of th e  g re a te s t  anterior ex tens ion  of the  
abdom en  in th e  horizontal plane."
2. Upper arm: " . . . th e  midpoint of th e  upper arm  b e tw e e n  th e  acromial 
p ro cess  and  th e  e lbow ."
3. Mid-thigh: " . . . th e  midpoint b e tw e e n  th e  inguinal c re a se  and  the  
proximal border of th e  patella."
4 . Calf: th e  " .. .m axim um  c ircum ference .. ."  of th e  calf (Lohman e t  al., 
1988).
The functional f itness  te s t  items w ere  perform ed in th e  order  specified 
by th e  functional f itness  te s t  booklet. An error in the  sit and reach  se t-up  
instruc tions w a s  clarified by the  au thor.  In th e  te s t  booklet, th e  point w h ere  
th e  heels remain should  be the  25-inch mark ra ther th an  th e  20-inch  mark.
Before e a c h  functional f itness  te s t ,  an  explanation  and  d em o n stra t io n  of 
the  co rrec t p rocedu res  w ere  given, and  any  ques tions  w ere  a n sw e re d  before 
th e  sub jec t  w a s  allowed to  perform each  ta sk .  The perfo rm ance  t e s t s  (s ta tions 
4  th rough  9) w e re  adm inistered  in th e  following order:
Station 4: Trunk/ Flexibility (Sit and  Reach)
The sit and  reach  flexibility t e s t  w a s  m easu red  in half-inch inc rem en ts  
(see Figure 2). A sit and reach board tw o  fee t  in w idth  by four fee t  in length
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by five inches in th ick n ess  w a s  co n s tru c ted .  W ooden  blocks w ere  a t ta c h e d  a t  
th e  25-inch mark to  p reven t th e  sub jec t from sliding fo rw ard  during th e  te s t .  
A dem onstra tion  of th e  proper sit and reach  p rocedu re  em phasized  th a t  the  
su b jec t  should keep  th e  knees  s tra ight while slow ly bending and reaching 
fo rw ard  (spinal flexion) along th e  ruler. In addition th e  fingertips of both  hands  
w ere  to  be placed o n e  on  to p  of the  o ther, moving to g e th e r  along th e  ruler. 
The sub jec t  performed th e  te s t  in stocking feet.  To p rev en t injury or strain, the  
te s te r  offered a s s is ta n c e  if th e  sub jec t  had difficulty transferring  to  or from the  
sit and reach  board. The te s te r  placed a hand on one  o f  th e  s u b je c t 's  knees  to  
en su re  th e  knees  rem ained s tra igh t during m easu re m en t .  S co res  from both  
trials of th e  sit and reach  w ere  recorded  with th e  higher s co re  used for analysis .
Station  5: Grip S treng th  
Grip s treng th  w a s  m easured  in kilograms w ith  a Sm edley  handgrip 
d y n am o m ete r  (see Figure 3) ad justed  for hand size. T w o  m e asu re m en ts  of th e  
preferred hand w ere  recorded  with the  sub jec t s tand ing . The higher sco re  w a s  
u sed  in analysis. Preferred hand w a s  used ra ther th a n  dom inan t hand b e c a u se  
several of th e  sub jec ts  w e re  w e a k  in th e  dom inan t hand from arthritis, bursitis, 
" tenn is  e lbow " or missing fingers. The su b jec t  w a s  instruc ted  to  grip 
maximally, with th e  arm aw a y  from the  res t  of th e  body. Several sub jec ts  
believed th a t  arthritis and  old injuries negatively a ffec ted  their perform ance , bu t 
w ere  still able to  perform th e  grip s treng th  ta sk  w ith o u t pain.
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Figure 2. Sit and  Reach T es t for Flexibility
Figure 3. M easu rem en t of Grip S treng th
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Station 6: Aailitv/ Dynamic Balance T es t  
The agility t e s t  w a s  se t-up  with tw o  traffic c o n e s  and  a  chair w ith  arm s 
(see Figure 4). O ne dem onstra tion  and one  w alk-th rough  practice  w ere  
n e c e ssa ry  to  explain th e  co rrec t route  and p rocedu res .  The te s te r  s tood  
immediately behind th e  chair and placed one  hand on th e  chair to  p reven t it 
from slipping during the  te s t .  A s to p w a tc h  w a s  held in th e  oppos ite  hand to  
record  th e  perfo rm ance time. The circuit s ta r ted  with th e  su b jec t  in th e  s e a te d  
position. On the  com m and  "ready, go", th e  sub jec t  m oved to  th e  right around  
a co n e ,  returning to  th e  chair and sitting d o w n  com plete ly ; the  sub jec t  
com ple ted  the  circuit by moving to  th e  left around a co n e  and returning to  the  
se a te d  position, and w ithou t hesitation s ta r ted  th e  se c o n d  circuit. O ne trial 
c o n s is te d  of tw o  circuits. Time w a s  recorded in t e n th s  of a se c o n d .  Tw o trials 
w ere  co n d u c ted  with approxim ately  one  minute of re s t  b e tw e e n  trials, w ith the  
higher sco re  used in analysis.
Station 7 :  "Soda P o d " Manual Coordination T es t 
The soda  pop coordination t e s t  w as  perform ed w ith  an  arm less  chair and  
a  large tab le .  Six s q u a re s  w ere  m ade along a 30-inch  strip of m asking ta p e ,  
five inches  apart  (see Figure 5). The preferred hand w a s  used  with the  
appropria te  p rocedures  for left-handed or right-handed sub jec ts .  For right- 
handed  sub jec ts ,  th ree  full 12 -ounce  soda  can s  w ere  p laced on sq u a re s  1, 3, 
and  5. The sub jec t began  th e  te s t  by placing th e  w orking hand thum b  up on
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Figure 4. D imensions for th e  Agility T est
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Figure 5. The "S oda  P o p ” T es t  for Manual Coordination
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th e  first can .  On th e  com m and  "go" th e  su b jec t  tu rned  th e  ca n s  upside  dow n  
in order on to  s q u a re s  2, 4, and  6, and re tu rned  th e  c a n s  to  their original 
positions, in order, to  sq u a re s  1, 3, and  5 w ith  th e  w orking hand th u m b  do w n . 
The entire cycle w a s  repea ted  w ithou t hesita tion  for one  trial. Left-handed 
su b jec ts  s ta r ted  with th e  ca n s  located on s q u a re s  6, 4 , and  2, and tu rned  the  
c a n s  over to  th e  right on to  sq u a re s  5, 3, and  1. The c a n s  w ere  th en  returned 
to  their original positions. The sub jec t w a s  allow ed tw o  practice  trials. Tw o 
ac tual trials w e re  adm inistered  and th e  higher sco re  used  in analysis.
S ta tion  8: S tren g th /  Endurance T e s t  (Arm Curl)
The te s te r  d em o n s tra ted  th a t  he would place one  hand on th e  s u b je c t 's  
w orking bicep, and th a t  th e  purpose  of this p rocedu re  w a s  to  en su re  th a t  the  
su b jec t  would correctly  curl th e  w eight as  m any  tim es a s  possible in 3 0  
s e c o n d s  (see Figure 6). Fem ales used  a four-pound w e ig h t and m ales used  an 
e ight-pound w eight. The sub jec t  w as  w arned  if th ey  w ere  not fully ex tend ing  
th e  e lbow  or lifting th e  w eigh t up sufficiently. A s to p w a tc h  w a s  used  to  time 
th e  3 0 -seco n d  t e s t  period. The num ber of repetitions w a s  recorded  in w hole  
num bers .
S tation  9: Half-Mile Walk 
The half-mile walk w a s  perform ed on th ree  s e p a ra te  co u rse s .  The co u rse  
a t  th e  laboratory  cons is ted  of four laps on a 2 20 -yard  o u td o o r  circuit. The 
co u rse  a t  the  Dula Senior Citizens Center of Las V egas  co n s is te d  of e igh t laps
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Figure 6. The Arm Curl T es t for S treng th  and  Endurance
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on a 110-yard  circuit inside th e  gym nasium . T he c o u rse  a t  th e  Sun City 
Summerlin F itness C enter consis ted  of slightly over tw o  laps on a flat ou tdoor 
f itness  trail. The length of each  of the  co u rse s  w a s  certified w ith a calibrated 
d is ta n ce  w heel to  en su re  a cc u ra te  m easu rem en t (see Figure 7a). Each sub jec t 
w a s  ins truc ted  to  walk, bu t no t run, a s  fa s t  as  com fortab ly  possible  and if m ore 
th a n  one  sub jec t  w as  te s te d ,  th ey  w ere  not perm itted  to  w alk  to g e th e r  (see 
Figure 7b). After each  lap th e  sub jec t  w a s  informed of th e  num ber of laps 
com ple ted  as  well a s  th e  num ber of laps remaining. If th e  su b jec t  w a s  unable 
to  com ple te  th e  d is tance , split tim es w ere  recorded . The half-mile time w as  
m easu red  with a s to p w a tc h .  M inutes and  s e c o n d s  w ere  con v er ted  to  total 
s e c o n d s .  For exam ple, 6 m inutes and  5 sec o n d s  would be con v er ted  to  365  
se c o n d s .  W ater  w as  available before and afte r  th e  w alk  to  p reven t 
dehydra tion . After the  walk, th e  sub jec t w a s  allowed to  sit and  recover. If the  
su b jec t  w a s  unable to  com ple te  th e  te s t ,  th e  split time w a s  recorded , bu t no t 
used  in th e  s tatistical analysis.
S tation 10: Debriefing 
After testing , the  sub jec t  w a s  briefed individually a b o u t  th e  perfo rm ance  
resu lts .  The te s te r  explained th e  five c o m p o n en ts  of functional f itness,  and 
h o w  eac h  perfo rm ance  sco re  related to  th e  different c o m p o n e n ts .  T he e ffec ts  
of individual d ifferences, aging and  activity levels on physical charac te r is t ics  
and  perfo rm ance  w ere  also d iscussed .  The te s te r  also s u g g e s te d  possible
Figure 7a. Walk C ourse  M easu rem e n t
Figure 7b. The Walk T es t  C ourse  a t  UNLV
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s tra teg ies  to  im prove functional f itness  th rough  physical training. Each sub jec t  
received an individual results  le tter (see A ppendix J) com paring  her p e rfo rm ance  
with resu lts  of o th e rs  of the  sa m e  ag e  and gender  and  of similar ag e  in a pilot 
s tudy .
Statistical Design and P resen ta t ion  
Individual raw  da ta  w ere  compiled with th e  "Q ua ttro  Pro 4 .0 "  
s p re a d s h e e t  so f tw are  program, and  are  available in Appendix  K. S ta t is t ics  
w ere  c o m p u ted  with th e  "S PS S -P C +  S ta t is tics  4 .0 "  s o f tw a re  program . 
R anges (maximum and minimum scores)  w ere  gen era ted  to  investiga te  ex trem e 
sc o re s  in physical charac teris t ics  a s  well a s  perform ance. F requency  tab les  
w e re  used  to  analyze th e  frequency  of sco res ;  m e an s  and s tan d a rd  devia tions  
w ere  em ployed  to  analyze central te n d e n c y  and variability within th e  groups. 
Since m ales and  fem ales  used different w e igh ts  and the re fo re  could no t be 
com pared ,  in d ep en d en t t - te s ts  w ere  se lec ted  to  find s treng th  t e s t  d ifferences  
b e tw ee n  th e  male a th le te s  and male non-a th le te s  and  b e tw e e n  th e  fem ale 
a th le te s  and  fem ale non-a th le tes .  A repea ted  m e asu re s  2x2  ANOVA te s t  w a s  
used  to  analyze  any  statistically  significant d iffe rences  ( in teractions and  main 
effects)  am ong  th e  4  groups on th e  four functional f itness  t e s t s  and  grip 
s treng th .
CHAPTER 4
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RESULTS AND DISCUSSION
Sixty-five Senior Olympians (hereafter called a th le te s)  w e re  te s te d  a t  th e  
University of N evada, Las V egas  Exercise Physiology Laboratory . The a th le te s  
co n s is ted  of 28  fem ales  and  3 7  m ales. The larger n um ber  of male a th le te s  in 
th e  s tu d y  reflect the  g rea te r  num ber of com petitive male a th le te s  in th e  cu rren t 
sen ior  a th le te s  population. O stro w  (1984) noted  th a t  fem ales  typically s h o w  
low er participation ra te s  th a n  m ales in com petit ive  sp o r ts .
S even ty  non-a th le tes  (individuals w ho  did no t c o m p e te  in an y  organized 
a thletic  com petition) w ere  also te s te d .  The non -a th le te s  co n s is te d  of 4 0  
fem ales  and  3 0  males. The g rea te r  num ber of w o m en  a p p e a rs  e i ther  to  reflect 
a  g rea te r  num ber of w o m en  in th e  senior population (N evada ESD, 1992),  or 
a g rea te r  willingness to  vo lun teer  for th e  s tudy .
The nex t sec tions  provide a brief d iscussion  of th e  ques tionnaire  results 
in th e  order  th a t  th ey  are  listed on th e  form. Results  o f  an th ropom etr ic  
m e a su re m e n ts  and perfo rm ance  te s t s  are  p resen ted  later in th e  chap ter. 
Individual results  are p re sen te d  in Appendix K. For brevity, male a th le tes ,  
fem ale a th le te s ,  male non-a th le te s  and female non-a th le te s  will be labelled MA, 
FA, MNA, and  FNA in all tab les  and  figures.
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Q uestionnaire  Results
A questionnaire  to  su rvey  lifestyles and  physical training w a s  com ple ted  
by all sub jec ts .  Q uestion  fo rm at w as  similar to  NIA questionnaires  (Cornoni- 
Huntley, 1986),  w hich have  not been a s s e s s e d  for reliability or validity. The 
questionnaire  form s are  available in A ppendices  G and H.
Age
The m eans ,  s tan d ard  deviations, and  ranges  of ag e  of the  four g roups  are  
p resen ted  in Table 1. The yo u n g es t  su b jec t  w a s  a 5 0  year  old female 
racew alker and th e  o ldest w a s  an 8 6  year  old male sw im m er. The m ean  of the  
female non-ath le te  group w as  more th an  2 years  y ounger  th an  th e  o ther  
groups, but a o n e w a y  ANOVA determ ined  th a t  all four g roups w ere  not 
significantly different in age.
The age  distribution of the  four g roups are  p resen ted  in Table 2. In all 
g roups, the  6 0  to  69  years  group w as  th e  la rgest and th e  8 0  and over group 
w a s  the  sm allest.  H ow ever the  female non-a th le te s  cons is ted  of a smaller 
p e rce n tag e  of w o m en  7 0  y ears  and over (2 2 .5% ),  in com parison  to  th e  fem ale 
a th le te  group w hich cons is ted  of 4 2 .9 %  over 7 0  years .  Increased  mortality 
and  physical dysfunction  with age  would a c c o u n t  for th e  small p e rc e n ta g e  of 
su b jec ts  8 0  years  and over. W hereas  th e re  are  m ore people in th e  5 0  to  6 0  
year  group in th e  general population, it m ay be th a t  increased  free tim e with 
retirem ent may permit older seniors  to  partic ipate  in s tud ies .  In th e  sen ior 
a th le te  groups, a th le te s  from 5 0  to  6 0  y ears  m ay c h o o s e  to  play in open
com petit ions  rather than  in th e  Senior Olympics or th ey  m ay no t be a w a re  th a t  
local com petit ions  allow a th le te s  a s  young  as  5 0  years .
Table 1
A ae  S ta tis tics  of the  Sam ple G roups (in Years)
MA MNA FA FNA
MEAN 67.1 6 7 .4 6 7 .2 6 4 .4
SD 6 .4 7 .5 8 .7 6 .4
MIN 58 55 5 0 5 4
MAX 86 81 8 0 7 9
Table 2
A ae Distribution of the  Groups (Percent bv 10 Year Cohorts)
YEARS MA MNA FA FNA
50 -5 9 10 .8 1 6 .7 2 1 .4 2 7 .5
6 0 -6 9 5 4 .0 4 3 .3 3 5 .7 5 0 .0
7 0 -7 9 3 2 .4 3 0 .0 3 5 .7 2 2 .5
8 0  and  over 2 .7 1 0 .0 7.1 0 .0
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W ork S ta tu s
C urrent w ork  s ta tu s  of the  g roups is p re sen te d  in Table 3. The w ork  
s ta tu s  of sen ior a th le te s  w a s  similar to  s ta t is t ic s  from th e  N evada Em ploym ent 
Security  Division, w hich reported  th a t  3 6 %  of th o se  55 y ears  and  above  
rem ained in th e  w orkforce. A higher pe rce n tag e  of th e  non-a th le te  g roups  w ere  
retired, perhaps  a s  a result of th e  se lec ted  te s t ing  locations (a sen ior c e n te r  and 
a senior com m unity) and  th e  daytim e hours  w h en  th e  t e s t s  w ere  adm inis te red . 
M ost of th o se  w orking full-time w ere  under 65 years  of age . T hough a majority 
of th e  sub jec ts  w ere  retired, m any com m en ted  th a t  th e y  rem ained highly active  
in a variety of pursuits .
Education
Several sub jec ts  checked  more th a n  o n e  re sp o n se  regarding educa tion . 
The h ighest a t ta ined  educational level w a s  used  for d a ta  analysis  and  is 
p resen ted  in Table 4 . In com parison  to  epidemiological d a ta  from th e  National 
Institute on Aging (Cornoni-Huntley e t  al., 1986) all four g roups  had a higher 
p e rce n tag e  of people with more than  12  y ears  of schooling. In th e  East 
Boston, Iowa, and  N ew  Haven s tud ies,  65  to  69  year  old m ales w ith  m ore th an  
tw elve  years  of school ranged  from 9 .3  to  2 8 .5 % ,  fem ales  65  to  6 9  y ears  
ranged  from 5 .8  to  2 0 .9 % .
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Table 3
Work Status (Percent bv Group)
MA MNA FA FNA
Retired 6 2 .2 9 0 .0 6 4 .3 7 7 .5
Semi-retired 13 .5 0 .0 1 7 .9 17 .5
Full Time 2 4 .3 1 0 .0 1 7 .9 5 .0
Table 4
H ighest Educational Level (Percent bv Group)
MA MNA FA FNA
High school 
incom plete
8.1 1 0 .0 1 0 .7 1 0 .0
High school 
g rad u a te
13 .5 2 0 .0 2 8 .6 2 0 .0
Som e college 2 7 .0 2 3 .3 3 9 .3 3 5 .0
College g radua te 5 1 .4 4 6 .7 2 1 .4 3 5 .0
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Smoking
T o b ac co  sm oking s ta tu s  is p resen ted  in Table 5. In all of th e  g roups 
com bined , m ore th an  half of th e  su b jec ts  had sm oked  a t  one  tim e, and  a large 
p e rce n tag e  of su b jec ts  had sm oked  for m ore th an  2 0  years .  T h ese  resu lts  are 
similar to  NIA s tud ies  (Cornoni-Huntley e t  al., 1986) th a t  found th e  p e rce n tag e  
of sen iors  w h o  had sm oked  ranged  from 55 to  7 5 %  in m ales and  1 2 .7  to  
3 7 .8 %  in fem ales  and  th a t  m ost ex -sm okers  had maintained th e  habit longer 
th an  2 0  y ea rs  before quitting. None of th e  a th le te s  w ere  currently  sm oking, 
and only one  of th e  male non-a th le tes  (3 .3% ) and  th ree  (7 .5% ) of th e  female 
n on-a th le te s  w e re  currently  sm oking; in com parison , th e  NIA senior s tud ies  
found 1 3 .3  to  3 0 .8 %  of th e  m en and  5 .7  to  1 7 .9 %  of th e  w o m e n  currently  
sm oked  (Cornoni-Huntley, 1986).  No q u es tio n s  w ere  ask ed  regard ing  th e  
quantity  of c ig a re t te s  co n su m ed , or w h e th e r  th e  sub jec ts  sm oked  c igare ttes ,  
cigars or pipes. The results  do no t reflect occasional periods of sm oking 
cessa tion .
Alcohol C onsum ption
Alcohol consum ption  s ta tu s  is p resen ted  in Table 6. Of th e  th ree  
cho ices ,  "occasionally" w as  the  m o s t  com m on  resp o n se  in all of th e  g roups 
(6 0 .7 %  overall). R esponses  w ere  d e p e n d e n t  upon each  p e r s o n 's  in terpreta tion  
of their alcohol consum ption . Therefore , it m ay be possible th a t  so m e o n e  w ho 
checked  "regularly" m ay co n su m e  less th a n  a n o th e r  individual w h o  checked  
"occasionally ."
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Table 5
Smoking Status (Percent bv Group)
MA MNA FA FNA
Never Sm oked 4 0 .5 4 3 .3 57.1 5 2 .5
Quit 5 9 .5 5 3 .3 4 2 .9 4 0 .0
S m oke n o w 0 3 .3 0 7 .5
Sm oke time 
(yrs)
2 3 .6 2 9 .7 22.1 2 6 .0
Table 6
P resen t  Alcohol C onsum ption  (Percent bv Group)
MA MNA FA FNA
None 2 9 .7 2 6 .7 2 5 .0 2 2 .5
O ccasionally 54.1 5 0 .0 7 1 .4 7 0 .0
Regularly 16 .2 2 3 .3 3 .6 7 .5
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Special Diet
The p e rcen tag e  of th e  su b jec ts  in each  group w h o  reported  eating a 
special d ie t is p resen ted  in Table 7. A large p e rc e n ta g e  of sub jec ts  (4 5 .1 %  
overall) w e re  on a special diet, bu t few  w ere  on w e ig h t loss diets. Several 
individuals checked  m ore th a n  one  response .  The m o s t  co m m o n  diet w a s  low 
fa t (37%  overall). A low sod ium  diet, w hich w a s  no t an  option in the  athletic 
group questionnaire , w a s  popular in the  non-ath lete  group.
PAR-Q
Individuals w ho  respond  positively to  any  of th e  ques tions  on th e  PAR-Q 
should seek  physician approval before participating in a s tudy .  Forty-two 
pe rce n t of th e  sub jec ts  responded  positively to  one  or m ore  of the  PAR-Q 
ques tions  and  in normal c irc u m stan c es  would have  been  ineligible for the  s tudy  
(see Table 8). However, s ince  this w as  a t e s t  th a t  eva lua ted  normal daily 
activities th a t  the  su b jec ts  w ere  routinely performing, th e  Human Subjec ts  
Review Board permitted their inclusion.
Limitations of th e  PAR-Q's usefu lness ,  particularly th e  high p e rcen tag e  
of false  positives for hypertension , have  been  identified in ACSM Guidelines 
(1991).  In all of th e  groups, th e  m o s t com m on positive re sp o n se  w a s  to  
medically d iagnosed  hypertension . NIA surveys  have  sh o w n  higher p e rce n tag es  
of hypertension  in the  East Boston (43 .0% ),  Iowa (3 5 .1 % ),  and  N ew  H aven 
(4 8 .0 % )  s tud ies  (Cornoni-Huntley e t  al., 1986).
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Table 7
Percent of Subjects on a Special Diet (bv Group)
MA MNA FA FNA
Special diet 4 6 .0 3 6 .7 4 2 .9 5 7 .5
Low fat 3 7 .8 3 0 .0 3 9 .3 4 2 .5
V egetarian 8.1 3 .3 1 4 .3 5 .0
W eight loss 8.1 3 .3 7.1 5 .0
High carb o h y d ra te 8.1 1 0 .0 1 4 .3 1 5 .0
Low sodium X 2 3 .3 X 3 0 .0
O ther 5 .4 X 3 .5 X
Health Conditions
While sen ior a th le te s  w ere  generally healthy, male a th le te  chronic 
conditions included several su b jec ts  w ith  hypertension  and  arthritis. O ther 
no ted  conditions  w ere  tw o  hear t  a t ta ck s ,  one  p acem aker ,  atrial fibrillation, 
d iabe tes ,  scoliosis and an artificial hip, knee  problem s, ruptured  lum bar discs 
and low  back  pain. Female a th le te s  health  conditions included: arthritis, 
hypertension , low back  pain, a s th m a  and em p h y sem a . Health cond itions  w ere  
no t su rveyed  in th e  non-a th le tes  due  to  time constra in ts .
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Table 8
Percent of Positive Responses to the PAR-Q (bv Group)
MA MNA FA FNA
At least o n e  "Yes" 4 6 .0 4 0 .0 3 9 .3 4 2 .5
Heart trouble 16 .2 0 .0 10 .7 1 2 .5
Heart and c h e s t  pain 5 .4 0 .0 0 .0 2 .5
Dizziness 2 .7 1 0 .0 0 .0 1 0 .0
High blood p ressu re 2 4 .3 2 6 .7 2 5 .0 2 5 .0
Bone or joint problem s 5 .4 0 .0 7.1 7 .5
O ther reasons 0 .0 1 0 .0 0 .0 0 .0
> 6 5 ,  no v igorous exerc ise 8.1 6 .7 14 .3 2 0 .0
M edications
A variety  of m edications, both over th e  c o u n te r  and p rescribed , w ere  
used  by senior a th le te s  and non-ath le tes  (see Table 9). Som e m edication  w a s  
being used by 3 5 .8 %  of th e  men and  61 % of th e  w om en . A g rea te r  num ber 
of w om en  w ere  taking medication, m o s t  notab ly  horm one rep lacem en t 
medication su ch  a s  Provera (29% ).
72
Table 9
Percent of Subjects Currently Using Medications (bv Group)
MA MNA FA FNA
% Yes 3 2 .4 3 6 .7 4 5 .0 6 5 .0
Exercise History
Male a th le te s  partic ipated in physical educa tion  and  com petit ive  sp o r ts  
m ore o ften  th an  male non-a th le tes .  M ost female a th le te s  and  non-a th le te s  had 
partic ipated in physical educa tion  bu t co m peted  in sp o r ts  less o ften  th a n  the  
males. Discrimination and  lack of opportunity  for w o m en  in sp o r ts  is 
do cu m en ted .  T hese  results  are  similar to  th o se  of O s tro w  (1984).
The num ber of days  of exerc ise  per w eek  is p re sen te d  in Table 10. M ost 
of th e  a th le te s  and th e  non-a th le te s  w ere  exercising tw o  or m ore d ay s  per 
w eek . An a t te m p t w as  m ade to  recruit a rep resen ta tive  sam ple  of sen iors  for 
th e  non-a th le te  groups, bu t th e  results  indicate th a t  th e  g roups  primarily 
co n s is ted  of seniors  w h o  exerc ised  m ore th an  national a v e ra g es  (C asperson  et 
al., 1992).  O ne reason  is th a t  sed en ta ry  people  ten d  to  have  m ore health  
problem s, and either are  unwilling or unable to  perform  f itness  t e s t s  (Shephard, 
1987 ) .  T h ese  findings d em o n s tra te  th e  difficulty in recruiting large num bers  
of s ed en ta ry  vo lun teers  for f itness  s tud ies .  S tam ford  (1988) and Shephard
(1987) have  noted  similar c o n s e q u e n c e s  in tes t ing  older adults .
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Table 10
Participation in Physical Education and Competitive Sports (Percent bv Group)
MA MNA FA FNA
Physical
Education
9 1 .9 7 3 .3 7 8 .6 8 2 .5
C om peted  in 
sp o r ts
8 9 .2 5 6 .7 5 0 .0 4 5 .0
S om e a th le te s  (5 .4%  male a th le te s ,  1 4 .2 %  fem ale a th le tes)  responded  
th a t  th e y  rem ained active with little or no planned exerc ise ,  w h e re a s  o thers  
w ere  training nearly every day , a t  varying intensities. A lthough extrem ely 
im portant,  in tensity  and duration  of th e  exerc ise  w ere  no t su rveyed .  The 
ques tionnaire  also did not a sk  th e  su b jec ts  how  m any y ea rs  of con tinuous  
exerc ise  th e y  had done.
The ty p e  of exercise  activities th a t  seniors  en g ag e d  in ranged  from 
gardening  to  long d is tance  running. The p e rce n tag e  of eac h  group  involved in 
specific m o d e s  are  p resen ted  in Table 12. In all groups, walking w a s  th e  m ost 
com m only  reported  m ode of exerc ise .  Swimming w a s  also  popular for all 
g roups. The w arm  climate and  availability of pool facilities are  conduc ive  for 
large participation ra tes  in th e  S o u th w e s t .  Jogg ing , h o w ev e r  w a s  more 
com m on  am ong  th e  male and  female a th le te s .  Weightlifting activity w as
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h ighest am ong  th e  male non-ath le tes  (3 3 .0 % ) and least  in th e  fem ale a th le te s  
(7 .14% ).
Table 11
Frequency of Exercise (Percent bv D avs/W eek)
MA MNA FA FNA
No exerc ise  plan 0 .0 6 .7 7.1 10 .0
1 day 5 .4  . 1 3 .3 7.1 7 .5
2 or 3 days 2 7 .0 3 6 .7 2 1 .4 3 2 .5
4  or m ore days 6 7 .6 4 3 .3 6 4 .3 5 0 .0
The sen ior  a th le te s  co m peted  in a variety of spo rts ,  w ith track  and 
swim m ing th e  m o s t  popular (see Table 13). Many of the  a th le te s  c o m p e ted  in 
multiple sp o r ts ,  bu t th ree  female a th le te s  (11% ) co m p e ted  in only passive  
spo rts .
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Table 12
Type of Exercise (Percentage bv Group)
MA MNA FA FNA
Walking 7 3 .0 8 0 .0 6 0 .7 8 2 .5
Bicycling 2 4 .3 1 0 .0 1 0 .7 12 .5
Swimming 54.1 3 6 .7 4 2 .9 3 0 .0
Jogging 4 0 .5 1 0 .0 2 1 .4 7 .5
W eights 16 .2 3 3 .3 7.1 12 .5
Other 5 6 .8 3 6 .7 6 0 .7 5 0 .0
Table 13
Senior Olympic Events (Participation Rate bv Groups)
MA FA
Track 7 3 .0 7 1 .4
Field 3 2 .4 1 7 .9
Swimming 4 5 .9 2 8 .6
Racket Sports 4 3 .2 14 .3
Passive Sports 3 7 .8 32.1
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Physical Charac teris tics
Blood P ressure
Blood pressu re  typically rises with age . In th e  elderly, a m e asu re m en t  
of > 1 6 0  systolic or >  9 0  diastolic is considered  h ypertens ive  (A ranow  e t  al., 
1991).  A diagnosis of hypertension , how ever,  can  only be m ade  with a series  
of m e asu re m en ts  over several days .  While none  of th e  135  sub jec ts  had 
uncontrolled blood p ressu re  ( > 1 7 0  systolic or > 1 1 0 ) ,  four male non-a th le tes  
and  tw o  female non-a th le te s  had blood p ressu res  cons idered  m ode ra te  to  
severely  hypertensive  ( > 1 6 0  systolic  or >  1 0 0  diastolic) (A CSM ,1991). 
Table 14.
Blood Pressure : Percen t of H ypertensives bv Group (mmHa)
MA MNA FA FNA
>  1 6 0  systolic 0 .0 13 .3 0 .0 5 .0
>  9 0  diastolic 5 .4 2 6 .7 1 0 .7 2 5 .0
>  1 6 0  systolic  
and  > 9 0  
diastolic
0 .0 1 3 .3 0 .0 5 .0
Height. W eight, and  Body M ass Index
M ean height, w e igh t and  body m ass  index (BMI) w ith  s tan d a rd  deviations 
and  ran g es  are  p resen ted  in Table 15. All of th e  g roups  displayed a w ide range
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of w e igh t and  BMI. The female a th le te s ,  for exam ple  ranged  in BMI from a 
1 .54m , 41 .1  kg (1 7 .5 6  kg/m 2) track  a th le te /sw im m er to  a 1 .5 6 m , 8 1 .8 7 k g  
(3 4 .0 8  kg /m 2) passive  sport  com petitor. Male a th le te s  ranged  in BMI from a 
1 .79m , 6 5 .3  kg d is tance  runner to  a 1 .77m , 1 0 7 .5  kg field a th le te .  Male n on ­
a th le te s  w e re  significantly taller and  heavier, w ith  a g rea te r  BMI th a n  th e  male 
a th le tes .
A BMI above  2 7 .8  kg /m 2 for males and 2 7 .3 k g /m 2 for fem ales  is 
cons idered  to  be a risk factor for mortality (ACSM, 1991).  Four male a th le te s ,  
four fem ale  a th le te s ,  eight m ale .non-ath le tes  and  five fem ale non -a th le te s  had 
BMI's a b o v e  th e  levels for g rea te r  risk. BMI is a p roduct of height and  w eigh t 
calcu la tions and m ay no t be a fair indicator of obesity . B ecause  no skinfold 
m e a su re m e n ts  w ere  m ade in the  non-ath le te  groups, it can  no t be concluded  
th a t  m ore non-a th le tes  w ere  overfa t .  One male a th le te  (a field e v e n t  
com petitor) had a BMI of 3 4 .3  kg /m 2, w hich would be cons idered  o b ese ,  
h o w ev er  skinfold predictions only m easured  him a t  2 2 .8 %  fat.
Skinfolds and  A nthropom etry
Skinfold m e asu re m en ts  w ere  perform ed only on th e  sen ior  a th le te s .  
Percen t fat p redic ted  w as  de term ined  by th e  YMCA S um  of 4  tab les  and  
p resen ted  in Table 16. Both male and  female a th le te s  had low er p e rc e n t  fat 
and low er th a n  ave rage  skinfold m e a su re m e n ts  a t  every  s ite  w h e n  com pared  
to  national norm s for the  sam e  ag e  and gender  (see Table 16). Skinfold 
av e rag es  w ere  similar to  y ounger  sed en ta ry  g roups and  older trained
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individuals, bu t higher th an  young  a th le te s  descr ibed  by Kohrt e t  al. (1992). 
Individually, how ever ,  p e rce n t  fa t  ranged from ex trem ely  lean in male and  
fem ale runners  and  racew alkers  to  morbidly o b e s e  in pass ive  sport  and 
sw im m ing com petito rs .
Functional Fitness Perfo rm ance 
Functional f itness  is operationalized a s  p e rfo rm ance  on th e  t e s t  items of 
th e  Functional F itness T es t .  Grip s treng th  w a s  ad d ed  a s  a su g g es ted  
augm en ta t io n  to  th e  ba tte ry . A lthough co m parisons  of s c o re s  from the  
AAHPERD pilot s tu d y  (65 -7 0  year  group) are m ade , te s t - r e te s t  and  in ter-tester 
reliability of the  t e s t  b a t te ry  have  not been de term ined .
Sit and Reach
M eans of the  sit and reach  (see Table 17) for th e  male a th le te s  and non­
a th le te s  w ere  less th an  reported  in the  AAHPERD pilot s tu d y  (22 inches) and  
significantly poorer th a n  th e  fem ale g roups  as  de term ined  by a 2x2  ANOVA [F 
( 1 ,1 3 4 )  = 5 5 .1 1 2 ,  p <  .001].  The fem ale a th le te s  also  sco red  below  the  pilot 
s tu d y  av e rag e  (25 inches), w h e re a s  the  female n on -a th le te s  sco red  jus t  a t  the  
a v e rag e  but no t significantly different than  th e  fem ale non-a th le tes .  The 
h ighest sco re ,  3 6  inches, (equivalent to  11 inches  beyond  th e  toes)  w as  
perform ed by a 79 -year  old fem ale non-ath le te  w ho  con tinued  to  do aerobics 
daily.
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Table 15
Height. W eight and  Body M ass Index (BMI)
MA MNA FA FNA
HEIGHT (m): MEAN 1 .72 1 .77 1.61 1.61
SD .06 .05 .0 6  " .06
MIN 1 .5 6 1 .69 1 .5 2 1 .47
MAX 1 .8 6 1.85 1 .73 1 .72
WEIGHT (kg): MEAN 7 2 .9 8 1 .6 62.1 6 3 .0
SD 9 .8 12 .7 9 .6 8 .7
MIN 5 6 .5 63.1 41 .1 4 5 .8
MAX 1 0 7 .5 1 1 3 .4 8 4 .8 8 6 .2
BMI (kg/m 2) MEAN 2 4 .8 26.1 2 3 .9 2 4 .2
SD 2 .9 3 .6 3 .3 3 .4
MIN 2 0 .4 20.1 1 7 .6 1 8 .8
MAX 3 4 .3 3 4 .6 34.1 3 4 .4
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Table 16
Skinfolds and  A nthropom etry  of A thle tes  (vs Norms)
MA YMCA
MALE
FA YMCA
FEMALE
Skinfolds
Abdomen 23 ± 1 0 26 28 ± 1 3 32
Ilium 15 ± 8 19 17 ± 9 21
Triceps 10 ± 5 12 19 ± 7 22
Thigh 14 ± 6 15 29 ± 1 0 32
% body fat 19.7
± 5 .4
24.5 26.6
± 6 .6
31
Circumferences
Abdomen 91.1
± 8 .8
80 .4
± 1 2 .0
Upper arm 29.4
± 2 .7
27.9
± 3 .3
Mid-thigh 48.0
± 3 .8
49 .0
± 4 .5
Calf 36.2
± 2 .6
35 .4
± 2 .7
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It has  been  su g g e s te d  th a t  flexibility and low  back  pain m ay be 
related, h ow ever  th e  tw o  lo w es t  sco res ,  7 and  8 inches (equivalent to  17 
and  18 inches above  th e  toes) ,  w ere  perform ed by tw o  male non-a th le tes  
w h o  reported  no history of back  pain. But th e  lo w es t  s co re  by a male senior 
a th le te  (11 inches) w a s  perform ed by a sub jec t w ith a history of tw o  
ruptured  lumbar d iscs. A nother male a th le te  w ith  a  h istory  of low back  pain 
w a s  able to  reach  2 4  inches.
Several sub jec ts  reported  discom fort in th e  ab d o m en , ca lves  and 
ham strings  during th e  te s t .  It w a s  also observed  th a t  so m e  sub jec ts  
required a ss is ta n c e  to  return to  th e  s tanding  position.
Table 17
Sit and Reach (N earest Half-inch)
MA MNA FA FNA
MEAN 1 8 .8 1 7 .6 24.1 2 5 .0
SD 4 .9 6 .0 4 .0 4 .6
MIN 1 1 .0 7 .0 1 5 .0 1 4 .5
MAX 2 9 .5 2 7 .5 3 2 .0 3 6 .0
2 x2  ANOVA, G ender p < .0 0 1
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Grip S treng th
Grip s tren g th  w as  not part of th e  functional f itness  te s t ,  bu t w a s  used 
a s  a supp lem en ta l m easu rem en t of s treng th .  A 2x2  ANOVA determ ined  
th a t  th e  male non-ath le tes  perform ed significantly be t te r  [F(1, 134) =
1 3 .4 2 6 ,  p < . 0 5 ]  th an  the  male a th le te s ,  pe rhaps  due  to  their larger size, 
(Clement, 1974) or the  g rea ter  participation in weightlifting activities. Table 
18 p re se n ts  a sum m ary  of th e  results  for th is te s t .  Both male g roups 
perform ed significantly higher th an  fem ales, w hich is co n s is te n t  w ith  o ther  
grip s tren g th  s tud ies .
Aailitv
A 2 x2  ANOVA determ ined  th a t  the re  w ere  no significant d ifferences 
b e tw e e n  th e  a th le te s  and non-a th le tes  [F (1, 134) = .096].  In com parison  to  
th e  AAHPERD pilot s tudy , ave rage  agility s c o re s  w ere  co m parab le  to  th e  
9 0 th  to  9 9 th  percentile in th e  male a th le te s  and  7 0 th  to  8 0 th  percentile  in 
th e  fem ale a th le te s .  T hese  sco re s  are  p resen ted  in Table 19. M ean sco res  
from th e  pilot s tu d y  w ere  2 7 .0  s e c o n d s  for men 6 5 -6 9  y ea rs  and  2 6 .6  
s e c o n d s  for w o m en  65 -69  years .  The fa s te s t  perfo rm ance  (13 .6s)  w a s  by a 
6 0  year  old male non-ath lete  w ho  had co m p e ted  in th e  Helsinki Olympics in 
1 9 5 2 .  T he s lo w e s t  perfo rm ance (4 1 .6s) w a s  by a 81 y ea r  old male non­
a th le te .  M ean sc o re s  am ong  all four g roups w ere  not significantly different.
Table 18
Grip S treng th  (Kilograms bv Group)
MA MNA FA FNA
MEAN 4 1 .8 48 .1 3 1 .9 2 9 .5
SD 7 .4 9 .4 6 .6 4 .6
MIN 2 7 .0 2 4 .0 2 1 .0 1 5 .0
MAX 5 3 .0 7 1 .0 4 7 .0 4 4 .0
2x2  ANOVA, Interaction p < . 0 0 5  MNA>MA(FA,FNA)
Table 19 
Aailitv (Seconds)
MA MNA FA FNA
MEAN 2 0 .0 2 1 .0 2 2 .6 21.1
SD 3 .8 5 .8 4 .8 4 .2
MIN 15.1 1 3 .6 1 6 .3 1 5 .9
MAX 3 1 .2 4 1 .6 3 5 .5 3 4 .7
2 x2  ANOVA, no t s ignificant p > . 0 5
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Manual Coordination
Table 2 0  p resen ts  m ean tim es for the  m anual coord ination  te s t .  No 
significant d ifferences w ere  found b e tw ee n  the  a th le te s  and non-a th le te s  [F (1, 
1 3 4 ) =  .0 2 2 ,  p > . 0 5 ]  th e  g roups by a 2x2  ANOVA. C om pared  to  th e  
AAHPERD pilot s tudy , th e  male a th le te s  sco red  b e tw e e n  th e  7 0 th  and 80 th  
percentile  in manual coordination, w h e ra s  th e  fem ale a th le te s  sco red  b e tw ee n  
th e  50 th  and  60 th  percentile  on th e  te s t .  There w ere  no significant d ifferences 
am ong  th e  groups.
S treng th  and  Endurance
M eans are  available in Table 21 . T -tests  de term ined  th a t  th e re  w ere  no 
d iffe rences  b e tw een  th e  male g roups  and  no d iffe rences  b e tw e e n  the  fem ale 
g roups  [MA vs. MNA t(65) = . 8 8 ,  p > . 0 5 ]  [FA vs. F N A t(6 6 )=  1 .27 ,  p > .05)]. 
Male a th le te s  sco red  in th e  7 0 th  to  8 0 th  percentile  (vs. th e  AAHPERD pilot 
s tu d y  ave rage  of 2 0  repetitions) and  w om en  sco red  in th e  7 0 th  to  8 0 th  
percentile  (versus th e  pilot s tu d y  ave rage  of 2 2 .5  repetitions). B ecause  the  
fem ales  and  males used  different w eigh ts ,  they  can  no t be com pared .  There 
w ere  no s ta tis tical d ifferences  b e tw e e n  a th le te s  and  non -a th le te s ,  how ever.
85
Table 20
Manual Coordination (Seconds)
MA MNA FA FNA
MEAN 11.1 1 0 .7 1 0 .7 1 0 .9
SD 1.8 1 .6 1 .9 2.1
MIN 7 .5 8 .5 8 .0 8 .0
MAX 1 6 .4 14.1 1 5 .7 1 9 .0
2 x2  ANOVA, not significant p > . 0 5
Table 21
Arm Curl(Repetitions)
MA MNA FA FNA
MEAN 26.1 2 5 .0 26.1 2 4 .4
SD 5 .4 5.1 6.1 4 .6
MIN 1 7 .0 1 5 .0 16 .0 1 6 .0
MAX 3 9 .0 3 9 .0 3 7 .0 4 0 .0
t- te s ts ,  no t significant p > . 0 5
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Half-mile Walk
Half-mile walk t im es are  p resen ted  in Table 22 . All of th e  male and 
fem ale a th le te s  w ere  able to  com ple te  th e  walk, bu t an  8 0  year  old male non­
a th le te  and tw o  female non-a th le tes  ag e s  7 0  and 75  years ,  w e re  unable to 
com ple te  th e  d is tance  and w ere  not included in the  sta tis tica l analysis  of walk 
t im es. The 2 x 2  ANOVA did no t d e te c t  any  statistically significant d ifferences  
b e tw e e n  a th le te s  and non-a th le te s  [ F (1, 1 3 1 ) =  .1 2 7 ,  p > . 0 5 ]  Male 
a th le te s  averaged  6 m inutes 3 0  s e c o n d s  in th e  half-mile w alk, v e rsu s  a pilot 
s tu d y  av e ra g e  of 7 m inutes 4 8  se c o n d s ,  while the  fem ale a th le te s  w alked  the  
t e s t  in 7 m inutes  2 4  s e c o n d s  v e rsu s  a pilot s tudy  av e ra g e  of 7 m inutes  53 
se c o n d s .  The fa s te s t  fem ale a th le te  w a s  3 2  s e c o n d s  fa s te r  th a n  th e  fa s te s t  
male non-ath le te .
Both fem ale g roups w alked m uch fas te r  than  a previous s tu d y  by 
Hopkins e t  al. (1990). In th e  only published s tudy  using an earlier version  of 
th e  functional f itness  te s t ,  a group of s ed en ta ry  w om en  of similar ag e  walked 
th e  half-mile d is tance  in an ave rage  time of ab o u t 12 m inutes  2 4  se c o n d s  
(Hopkins e t  al., 1990).
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Table 22
Half-mile Walk (M inutes:Seconds)
MA MNA
(n = 29)
FA FNA 
(n =  38)
MEAN 6 :3 0 7 :05 7 :2 6 7 :1 6
SD 1:06 1 :0 4 1 :19 :53
MIN 4 :0 5 5 :2 6 4 :5 4 6:01
MAX 9:31 9 :1 2 1 9 :5 3 9 :3 7 2
2 x2  ANOVA, no t signif icant p >  .05
1 One su b jec t  did no t com ple te  th e  te s t .
2 T w o sub jec ts  did not com ple te  th e  te s t .
Discussion
U nexpectedly , this s tu d y  found no statistical d ifferences  b e tw ee n  the  
sen ior  a th le te  groups and  non-a th le te  g roups using th e  functional f itness  t e s t  
ba tte ry .  Several fac to rs  may have  been  responsible  for th e s e  results:
1. The non-ath le te  sam p les  w ere  not rep resen ta tive  of th e  senior non ­
a th le te  population. As previously m entioned, th e  non-a th le te s  exerc ised  more 
o ften  th a n  o ther  large su rv ey s  sh o w e d  (Casperson e t  al., 1986),  and m ean 
sc o re s  o f  female non-a th le tes  w ere  higher on all of th e  t e s t s  com pared  to  the  
5 0 th  percentile  sco res  in a pilot s tudy .  The male non -a th le te s  also  had higher
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sco re s  on all of th e  t e s t s  of functional f itness  com pared  to  th e  5 0 th  percentile  
of a pilot s tu d y ,  e x c e p t  for sit and reach  flexibility.
2. On all of th e  te s t s  of functional f itness,  th e re  w a s  a g rea te r  d ifference 
within th e  ath letic g roups  than  b e tw ee n  th e  a th le te s  and  non -a th le te s .  The 
results  indicate a w ide range of perfo rm ance  sc o re s  on th e  te s t s  of functional 
f itness. An ind ep en d en t t - te s t  w a s  used  to  analyze  d ifferences b e tw e e n  tw o  
sub g ro u p s  of th e  male a th le tes .  The t - te s t  indicates  th a t  male com petit ive  
track  a th le te s  (n = 16) had fas te r  half-mile walking tim e th an  o the r  male a th le te s  
(n = 21) [t(35) = - 4 .0 9 ,  p <  .001]. A M ann-W hitney U /W ilcoxon Rank S um  T es t  
w a s  used  to  analyze  any  differences b e tw ee n  a group of fem ale a th le te s  (n =  7) 
and  a group of o the r  female a th le te s  (n = 21). The non-param etric  t e s t  
indicated th a t  fem ale com petit ive  track  a th le te s  are  significantly fa s te r  on  the  
half-mile w alk  com pared  to  the  remaining fem ale a th le te s  [z = -3 .1 8 ,  p < . 0 1 ] .  
Table 23
Senior A thle te  Subgroups
SUBGROUPS MALE 
COMPETITIVE 
TRACK (n = 16)
MALE 
OTHER 
(n = 21)
FEMALE 
COMPETITIVE 
TRACK (n = 7)
FEMALE 
OTHER 
(n =  21)
MEAN 5 :4 8 7 :0 2 6 :0 3 7 :5 3
SD :50 :50 :45 1 :08
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3. A ssum ing each  te s t  item is a valid m e a su re m e n t  tool for a ssess in g  
c o m p o n e n ts  of physical f itness  in sen iors ,  perhaps  th e re  w e re  no actual 
d iffe rences  b e tw ee n  the  g roups  in several ca tegories .  A ccording to  AAHPERD 
(1990) " . . . th e  specificity of a given ty p e  of exerc ise  and  th e  in tensity  of the  
exerc ise  de term ines  th e  c h a n g e  one  can  ex p e c t  to  o c c u r  in f i tness  levels." 
There  is no indication from th e  sub jec t  questionnaires  th a t  th e  sen io r  ath le te  
g roups  trained sufficiently to  increase  flexibility, agility, m anual coordination, 
or upper body  s treng th  and  endu rance ,  a lthough th e y  probably  w ould  benefit 
by including specific exerc ises  to  e n h a n c e  th e se  c o m p o n e n ts  in their training 
regim en. Perform ance is a lso  related to  exerc ise  in tensity . C ureton  (1985) 
rem arked  th a t  " . . . few  older people  train for optim um  resu lts ."  P erhaps  the  
intensity  of training w a s  no t high en o u g h  in m any senior a th le te s  to  elicit any 
physical d iffe rences  b e tw e e n  th e m se lv es  and  people w h o  exe rc ise  regularly.
4 . S om e of th e  te s t s  m ay no t discriminate b e tw e e n  high levels of 
perfo rm ance . The flat walk te s t ,  for exam ple , limits sen io rs  to  using an  aerobic 
cap ac ity  less than  15 ml/kg, while this m ay only be o n e-q u ar te r  of th e  seniors  
capac ity .  An elderly person  with a poor V 0 2 m ax  of 2 0  ml/kg (Golding e t  al., 
1989) could theoretically  w alk  fa s t  en o u g h  to  sco re  well on th e  walk, while a 
runner w ith a V 0 2 m ax  of >  5 0  ml/kg would be ham pered  by walking w hen  
running w ould  be fas te r  and m ore mechanically  efficient. A lternative te s t s  or 
m odifications of existing te s t s  for highly functional individuals a re  no ted  in the  
reco m m en d a t io n s  section .
CHAPTER 5
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SUMMARY AND CONCLUSIONS
Sum m ary
Aging is a s so c ia ted  w ith  declines in physiological m e a su re m e n ts  and 
physical perfo rm ance. While it is inevitable th a t  physical perfo rm ance  will 
decline with age ,  sc ien t is ts  believe th a t  th e  s e d e n ta ry  lifestyle a sso c ia ted  with 
aging is a significant con tribu tor  to  a p rem atu re  loss in physiological function 
(Shephard , 19 8 7 ; Smith & S erfass ,  1981).
C ross-sectional s tud ies  have  reported  th a t  so m e  a th le te s  are  fitter than  
their sed en ta ry  peers  (Rogers e t  al., 1990),  w h e re a s  training s tud ies  have 
s h o w n  th a t  physical training m ay improve various c o m p o n e n ts  of f itness  
(DeVries, 1971 ; Fiatrone e t  al., 1990).  O ther s tu d ie s  h av e  sh o w n  th a t  older, 
tra ined  individuals have  lower p e rce n tag es  of body  fa t  th an  sed en ta ry  peers  
(Kohrt e t  al., 1992).
Older adu lts  are  a highly diverse group (Sprott, 1988 ) .  The con tinuum  
of function ranges  from a small pe rce n tag e  of th e  elderly w ho  require 
institutionalization to  th o s e  w h o  lead active  lives by continuing to  w ork, 
volunteering, returning to  school, a n d / or com peting  in sp o r ts .  Functional 
f itness  is one  w ay  of describing th e  ability for sen iors  to  perform  ta sk s  of every  
day  life. AAHPERD defines functional f itness  a s  th e  physical capac ity  of a 
p erson  to  m ee t ordinary and un ex p ec ted  d e m a n d s  of daily life safely  and  
effectively (O sness  e t  al., 1990).
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The purpose  of this s tu d y  w a s  to  describe  th e  physical ch arac te r is t ics  
and de term ine  th e  functional f itness of 65  senior a th le te s  from 5 0  to  8 6  years  
of age . Skinfold m e asu re m en ts  w ere  com pared  to  YMCA skinfold norm s. In 
addition, a n o th e r  group of volunteers , of similar age , w ere  m easu red  and  te s te d  
to  investigate  any  distinctive charac teris t ics  th a t  the  senior a th le te s  might 
p o s se s s .  Both g roups w ere  further s e p a ra te d  to  analyze any  gender  
d ifferences.
A sub jec t  questionnaire  w a s  com ple ted  to  analyze the  g roups in te rm s  
of w ork  s ta tu s ,  educa tion  and health history. A large num ber of th e  sub jec ts  
in all g roups had so m e  chronic health  condition. M any had been  d iagnosed  
with hypertension , hear t  d isease , arthritis and d iabe tes .  D espite th e s e  medical 
conditions, m o s t  of th e  a th le te s  and th e  non-a th le te s  exerc ised  regularly.
Conclusions
1. Skinfold m easu rem en ts :  m ean s  of th e  abdom en , ilium, tricep, and 
thigh skinfolds and th e  sum  of 4  skinfolds of both  senior a th le te  g roups  w ere  
lower th a n  national av e ra g es  and com parab le  to  skinfold readings of o th e r  older 
a th le te s  and  y ounger  s ed en ta ry  people (Kohrt e t  al., 1992). H ow ever, the re  
w a s  w ide variability in skinfold m e asu re m en ts .  M eans for height, w eigh t ,  and 
BMI w ere  significantly different b e tw ee n  male a th le te s  and male non-a th le te s .
2. Functional Fitness: senior a th le te  m ean  sc o re s  w ere  higher on te s t s  
of agility, m anual coordination, m uscu lar s tren g th  and  en d u ran c e ,  and 
card ioresp ira tory  end u ran ce ,  but low er on sit and  reach  flexibility w h en
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co m p ared  to  th e  5 0 th  percentile  of s c o re s  in th e  AAHPERD pilot s tudy .  Senior 
a th le te  perfo rm ance , how ever ,  w a s  no t significantly d ifferen t ( p > .0 5 )  
com pared  to  a group of active non-a th le te s  on any  of th e  functional f itness 
te s ts .
3. A subpopulation  of com petit ive  male track  a th le te s  (m ean a g e  6 4 .9 ,  
SD 5.0) w a s  fa s te r  in the  half-mile walk (5:48) w h en  com pared  to  the  
rem ainder o f  th e  male senior a th le te s  (7 :02). Female com petit ive  (mean age  
5 9 .5 7 ,  SD 7 .72 )  track  a th le te s  w ere  fa s te r  in th e  half-mile w alk  (6:03) th a n  the  
rem ainder of fem ale senior a th le te s  (7 :53).
R ecom m endations  
Seniors  have  either been  ignored, m isunders tood  or u nderes t im a ted  in 
their potential for athletic ability. A lthough falls and heart  a t ta c k s  are  risks 
a sso c ia ted  with vigorous exerc ise , a n e w  group of physically ac tive  older 
w o m en  and  men is em erging. M any of th e se  individuals are  willing to  a c c e p t  
th e  risks of v igorous exerc ise  so  th a t  th e y  m ay m ee t their physical potential 
th ro u g h o u t  life. Field te s t s  will be n e c e ssa ry  to  eva lua te  physical perfo rm ance , 
no t only to  d ifferentia te  th e  physically functional from th e  disabled , bu t to  
highlight superior ach ievem en ts .
The following are recom m enda tions  for further research :
1. Future s tud ies  should  fo cu s  m ore  on des igns  and participation 
incentives th a t  will en su re  rep resen ta tive  sam ples .  This s tu d y  predom inantly  
a t t rac ted  highly active  individuals for voluntary  participation.
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2. To d e c re a se  variability, re sea rche rs  should  a t te m p t  to  identify and 
describe  subpopu la tions  of sen ior a th le te s  accord ing  to  n arrow er age  groups, 
ty p e  of spo rt ,  and frequency , intensity, and m ode of training.
3. To d ec re a se  th e  possibility of a Type I error, te s t ing  e ither should be 
limited to  few er m e asu re m en ts  or a MANOVA should  be used  to  analyze the  
da ta .
4 . Franks e t  al. 1 9 8 8  s ta t e  th a t  ad eq u a te  proof m u s t  be supplied with 
physical f itness  te s t s  so  th a t  ex ternal rev iew ers can  de te rm ine  if s ta n d a rd s  of 
validity, reliability and  scaling are  ach ieved . Currently, no peer-rev iew ed  papers  
have  been  published to  a s s e s s  th e  validity or reliability ( te s t- re te s t  or inter­
te s te r)  of th e  AAHPERD t e s t  ba tte ry  or any  of th e  single t e s t s  in th e  battery .
5. Determine w h e th e r  traditional t e s t s  (i.e., th e  C ooper 1 .5  mile 
run/w alk  for cardiorespiratory  f i tness  and the  YMCA bench  p ress  t e s t  for upper 
body  s tren g th  and endurance)  m ay be m ore appropria te  for ex trem ely  fit sen iors  
ra ther  th an  existing t e s t  items of th e  functional f itness  ba tte ry .  If th e se  te s ts  
are  appropria te , norm s or criterion s tan d a rd s  for older ag e  g roups  need  to  be 
es tab lished .
6. Evaluate th e  existing functional f itness  t e s t s  and  modify th em  to  
m ake th em  m ore appropria te  for highly functional sen iors .  The walk te s t  for 
exam ple , limits m os t sen iors  to  using an aerobic capac ity  of less  th a n  15ml/kg, 
while th is m ay only be o n e-quarte r  of the  sen io r 's  capac ity .  R esearch  should 
de te rm ine  th e  sa fe ty  and  feasibility of making th e  w alk  a w alk /run , or a t  least
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increasing th e  d is tance  or including exerc ise  hea r t  ra te s .  The arm curl might 
also be modified as  a longer duration te s t  and  th e  agility t e s t  could be m ore 
challenging by making th e  cou rse  a g rea te r  d is ta n ce  or m ore com plex  by 
including various ob s tac les .
7. A valid questionnaire  should be developed  for a sse s s in g  th e  health  
and lifestyles of ac tive  and  extrem ely  fit sen io rs ,  including a valid sca le  for 
a ssess in g  th e  frequency , intensity  and m ode of exerc ise  and  w ork.
8. R esearchers  should  investigate  th e  use  of criterion s ta n d a rd s  for 
a sse ss in g  function or predicting loss of function in th e  elderly. Male a th le te s  
sco red  m uch low er on sit and reach flexibility in com parison  to  th e  AAHPERD 
s tudy , bu t it can  no t be de term ined  th a t  th is loss is a fac to r  in reduced  daily 
function.
9. If th e  te s t s  are reliable and valid, an  effort should  be m ade  to  re te s t  
th e  senior a th le te s  to  record any  c h an g e s  in function  th a t  may occu r  w ith  time 
or training, and  to  t rac k  mortality or con tinued  com petit ion . As senior 
com petit ions  b eco m e  more com m onplace  and  com petit ive , sen ior a th le te s  
should  be te s te d  to  com pare  th e  d ifferences in f itness  b e tw e e n  p a s t  and  fu ture  
sen ior a th le tes .
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Human Subjects Review: Senior Athletes
Introduction
The concern  for th e  independen t function of older people is increasingly 
im portan t in our socie ty . Published information a b o u t  th e  elderly and  their 
ability to  physically function is rare. Evaluating th e  perfo rm ance  of the  healthy 
elderly in this s tudy  will provide valid information ab o u t  physical function in 
older populations.
1 .S ub jec ts
The sub jec ts  will be 8 0  vo lun teers  (40 male, 4 0  female) b e tw ee n  th e  
ag e s  of 5 0  and 9 0  years  of age .  Volunteers m u s t  be free of know n co ronary  
arte ry  problem s and uncontrolled hypertension , and  able to  com ple te  a half-mile 
walk.
2 .P urpose
The purpose  is to  com p are  th e  perfo rm ance of th e  group of vo lun teers  
to  a group  of Senior Olympic a th le te s  w ho  have  already  been  te s ted .
3 . M ethods
The Functional F itness  A sse s sm e n t  For Adults Over 6 0  Years w a s  
des igned  by the  American Alliance of Health, Physical Education, Recreation 
and D ance  (AAHPERD) and its Council on Aging and  Adult D evelopm ent. The 
te s t  h a s  already been  used  in a w ide group of older adu lts  and  has  been  judged  
to  be bo th  safe  and valid a s  a d iagnostic  field-test of perfo rm ance  in the  elderly. 
T esting  will be perform ed a t  sen ior cen te rs  in Las V egas  with personnel from 
th e  UNLV Exercise Physiology Laboratory. S ee  th e  informed c o n s e n t  form for 
a detailed te s t  description.
4 . P rocedures
P rocedures  will include reading and signing an  informed c o n se n t  as  well 
a s  a Physical Activity R eadiness  Q uestionnaire  (PAR-Q). The PAR-Q will be 
rev iew ed  for potential exclusion of sub jec ts  due  to  increased  risk. Sub jec ts  will 
be allow ed to  s to p  or s low  dow n  a t  any  time during th e  te s t .  A phone  will be 
available a t  the  Senior facilities in th e  result of em ergenc ie s .
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5 .Risks
The Functional Fitness A ss e s s m e n t  w a s  designed  specifically to  t e s t  the  
elderly w ith sa fe ty  in mind. Risks are  further limited by screen ing  and 
instruction of th e  sub jec ts  and c o n s ta n t  evaluation w ith regard  to  fatigue or 
pain. Any question  ab o u t th e  s u b je c t 's  condition will te rm ina te  th e  te s t .
6 .Risk-Benefit Ratio
Information ab o u t physical function and  th e  grow ing elderly population 
is vital for th e  fu ture. The design of th e  te s t  and  th e  experim ental p rocedures  
used  by th e  te s te r s  allow this s tu d y  to  be of low risk and  high benefit to 
socie ty .
7 .C osts  to  Sub jec ts
The only c o s t  to  the  su b jec ts  is th e  c o s t  of t ranspo rta t ion  to  and from 
th e  sen ior cen te r .  Testing a t  th e  sen ior cen te r  will allow a c c e s s  and  com fort 
to  a g rea te r  num ber of seniors  th a n  requiring on site laboratory  te s t ing .
8. Informed C o n sen t
Informed c o n se n t  will be ob ta ined , and  placed on  file in th e  UNLV 
Exercise Physiology Lab.
APPENDIX B
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Human Subjects Review: Senior Non-athletes
Introduction
The concern  for th e  independen t function of older people is increasingly 
im portan t in our soc ie ty . Published information a b o u t  th e  elderly and  their 
ability to  physically function is rare. Evaluating th e  perfo rm ance  of th e  healthy  
elderly in this s tu d y  will provide valid information a b o u t  physical function  in 
older populations.
1 .Subjects
The su b jec ts  will be 8 0  volunteers  (40 male, 4 0  female) b e tw e e n  the  
a g e s  of 5 0  and 9 0  years  of age. V olunteers  m u s t  be free of know n coronary  
arte ry  problem s and uncontrolled hypertension , and able to  com ple te  a half-mile 
walk.
2 .Purpose
The purpose  is to  com pare  the  perfo rm ance  of th e  group of vo lun teers  
to  a group of Senior Olympic a th le te s  w ho  have  a lready  been  te s te d .
3 . M ethods
The Functional F itness A sse s sm e n t  For Adults Over 6 0  Years w as  
des igned  by th e  American Alliance of Health, Physical Education, Recreation 
and  D ance (AAHPERD) and  its Council on Aging and  Adult D evelopm ent. The 
te s t  has  already been  used  in a w ide group of older adu lts  and has been  judged 
to  be both  sa fe  and  valid a s  a diagnostic field-test of perfo rm ance  in th e  elderly. 
Testing will be perform ed a t  senior cen te rs  in Las V egas  with personnel from 
th e  UNLV Exercise Physiology Laboratory. See  th e  informed c o n se n t  form for 
a detailed te s t  descrip tion.
4 . P rocedures
P rocedures  will include reading and signing an  informed c o n s e n t  a s  well 
a s  a Physical Activity R eadiness  Q uestionnaire  (PAR-Q). The PAR-Q will be 
review ed for potential exclusion of sub jec ts  due  to  inc reased  risk. S ub jec ts  will 
be allowed to  s to p  or s low  dow n  a t  any  time during th e  te s t .  A p hone  will be 
available a t  th e  Senior facilities in the  result of em ergenc ies .
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5. Risks
The Functional Fitness A ss e s s m e n t  w a s  des igned  specifically to  t e s t  the  
elderly with sa fe ty  in mind. Risks are  further limited by screen ing  and 
instruction o f  th e  sub jec ts  and  c o n s ta n t  evaluation with regard  to  fatigue or 
pain. Any question  ab o u t th e  s u b je c t 's  condition will te rm ina te  th e  te s t .
6 .Risk-Benefit Ratio
Information ab o u t physical function and th e  grow ing elderly population 
is vital for th e  fu ture. The design  of th e  te s t  and th e  experim ental p rocedures  
used  by th e  te s te r s  allow this s tu d y  to  be of low risk and  high benefit to  
socie ty .
7 .C os ts  to  S ub jec ts
The only c o s t  to  th e  sub jec ts  is th e  c o s t  of tran sp o r ta t io n  to  and  from 
th e  sen ior  cen te r .  Testing a t  th e  senior cen te r  will allow  a c c e s s  and  com fort 
to  a g rea te r  num ber of sen iors  th an  requiring on site  labora tory  tes t ing .
8. Informed C o n sen t
Informed c o n s e n t  will be ob ta ined , and placed on file in th e  UNLV 
Exercise Physiology Lab.
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APPENDIX C
INFORMED CONSENT FORM (SENIOR ATHLETES)
CONSENT TO PARTICIPATE IN A RESEARCH STUDY 
UNIVERSITY OF NEVADA, LAS VEGAS
TITLE: Physical Charac teris tics  and  Fitness of Senior Olympians
SUBJECTS: 8 0  male and female Senior Olympic a th le te s ,  5 0  y ea rs  of ag e  and 
older.
PROCEDURES: S tanding  height, w eigh t, body  c ircum ferences  and  skinfold 
caliper m e a su re m e n ts  will be taken . The su b jec ts  will perform  6 f itness  te s t s  
which are  th e  items in th e  American Alliance for Health, Physical Education, 
Recreation and D ance Functional Fitness A ss e s s m e n t  for Adults Over 6 0  Years. 
The f itness  t e s t s  co n s is t  of the  following:
(1) th e  sit and  reach  m easu re  of trunk  flexibility
(2) th e  hand grip s treng th  te s t
(3) th e  agility/dynamic ba lance te s t
(4) th e  m anual coordination te s t
(5) th e  4  and  8 pound arm curl a s  a m easu re  of s t ren g th
(6) th e  half-mile walk as  a m easu re  of en d u ran ce
The sit and  reach  requires sitting d o w n  w ith  legs s tra igh t and  bending 
forw ard. The hand grip s treng th  te s t  is m easu red  by gripping a hand grip 
d ynam om ete r .  The agility/dynamic ba lance  t e s t  requires th e  su b je c t  to  rise 
from a chair and  m ove to  appropria te  locations along a proper pa th . The 
manual coord ination  te s t  requires m anual p lacem en t of 3 ob jec ts  into proper 
positions. The arm  curl requires th e  sub jec t  to  lift a 4  pound or 8 pound  w eigh t 
by bending th e  elbow . The half-mile walk requires th e  su b jec t  to  w alk  a s  fas t  
a s  com fortab ly  possible on a flat ou tdoo r  circuit. The entire t e s t  b a t te ry  will be 
perform ed in one  day, and  will tak e  approxim ate ly  one  hour to  com ple te .
RISKS: The AAHPERD Functional F itness  A sse s s m e n t  w a s  des igned
specifically for te s t ing  elderly populations w ith o u t ph y s ic ian 's  approval. 
According to  AAHPERD, the  te s t  ba tte ry  is no m ore s t re n u o u s  th a n  life itself. 
There  is how ever ,  a lw ays  a risk of tripping or falling. There is a lso  a c h a n c e  of 
straining or pulling m usc les  while bending or moving quickly. T here  m ay also 
be d iscom fort from performing the  walking t e s t  to o  quickly. S ince  older people 
m ay be a t  increased  risk for h ea t  illness during exerc ise , h ea t  injury is a 
potential risk.
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RESPONSIBILITIES OF THE PARTICIPANT: Information th a t  you p o s se s s  ab o u t  
your health  s ta tu s  or previous experiences  w ith  physical effort m ay e f fe c t  th e  
sa fe ty  and value of your exerc ise  te s t .  Your p rom pt reporting of feelings with 
effort are  of g rea t im portance . You are responsib le  to  fully d isclose such  
information w h en  reques ted  by the  testing  staff.
BENEFITS TO BE EXPECTED: Your individual resu lts  will be s e n t  to  you , along 
with how  your perfo rm ance  ranked in relationship to  o th e r  people your age .
CONFIDENTIALITY: The d a ta  collected on eac h  sub jec t  will be available only 
to  research  personnel. N am es, ad d re s se s  and  phone  num bers  will no t be given 
ou t  w ithou t explicit perm ission of the  partic ipants , nor will nam es  be used  in 
any  reports .  Each partic ipant will receive individual resu lts  w hen  analysis  is 
com ple te .
RIGHT TO REFUSE OR WITHDRAW FROM THE STUDY: You may re fuse  to  
partic ipate  or w ith d raw  from th e  s tudy  a t  any  time. You may also w ith d raw  
from any  single perfo rm ance  te s t .
In signing this C o n sen t Form, you indicate th a t  you  are  a volunteer for the  
ab o v e  study; th a t  you  u nders tand  its pu rpose , te s t ing  p rocedu res  and risks; and 
th a t  all of your ques tions  have  been an sw ered .
S ignature  of Partic ipant Date
Print Name of Participant Date
S ignature  of W itness Date
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APPENDIX D
INFORMED CONSENT FORM (SENIOR NON-ATHLETES)
CONSENT TO PARTICIPATE IN A RESEARCH STUDY 
UNIVERSITY OF NEVADA, LAS VEGAS
TITLE: Functional Fitness of Healthy Older Adults
SUBJECTS: 8 0  apparently  healthy  vo lun teers  from 5 0  to  9 0  y ea rs  of ag e  are 
su b jec ts  in this s tudy .
PROCEDURES: Standing height and  w e igh t will be ta k en .  T he su b jec ts  will 
perform  6 fitness  te s t s  w hich are  th e  items in the  American Alliance for Health, 
Physical Education, Recreation and D ance Functional F itness A ss e s s m e n t  for 
Adults Over 6 0  Years. The f itness  t e s t s  cons is t  of th e  following:
(1) th e  sit and reach m easu re  of trunk  flexibility
(2) th e  hand grip s treng th  te s t
(3) th e  agility/dynamic ba lance  te s t
(4) th e  m anual coordination te s t
(5) th e  4  and  8 pound arm curl a s  a m easu re  of s tren g th
(6) th e  half-mile walk as  a m easu re  o f  endu ran ce
The sit and  reach requires sitting dow n  with legs s tra igh t  and bending 
forw ard . The hand grip s tren g th  te s t  is m easured  by gripping a hand grip 
d y n am o m ete r .  The agility /dynam ic ba lance  te s t  requires th e  su b jec t  to  rise 
from a chair and  m ove to  appropria te  locations along a proper pa th .  The 
m anual coord ination  te s t  requires m anual p lacem en t of 3 ob jec ts  into proper 
positions. T he arm  curl requires th e  sub jec t  to  lift a 4  pound  or 8 pound  w eigh t 
by bending  th e  elbow . The half-mile w alk  requires th e  su b jec t  to  w alk  a s  fa s t  
a s  com fortab ly  possible on a flat o u td o o r  circuit. The entire t e s t  b a t te ry  will be 
perform ed in one  day, and will tak e  approxim ately  one  hour to  com ple te .
RISKS: The AAHPERD Functional Fitness A sse s s m e n t  w a s  designed
specifically for tes t ing  elderly populations w ithou t p h y s ic ian 's  approval. 
A ccording to  AAHPERD, th e  te s t  b a t te ry  is no more s t re n u o u s  th a n  life itself. 
There  is how ever ,  a lw ays a risk of tripping or falling. There  is a lso  a c h a n c e  of 
straining or pulling m uscles  while bending or moving quickly. There  m ay also 
be d iscom fort from performing th e  walking t e s t  too  quickly. S ince  older people 
m ay be a t  inc reased  risk for h ea t  illness during exerc ise ,  h e a t  injury is a 
potential risk.
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RESPONSIBILITIES OF THE PARTICIPANT: Information th a t  you p o s s e s s  ab o u t  
your health s ta tu s  or previous experiences  w ith  physical effort m ay e ffec t  the  
sa fe ty  and value of your exerc ise  te s t .  Your p rom pt reporting of feelings with 
effort are  of g rea t  im portance . You are responsib le  to  fully d isclose such  
information w h en  req u es ted  by the  testing  staff .
BENEFITS TO BE EXPECTED: Your individual resu lts  will be s e n t  to  you, along 
with h o w  your perfo rm ance  ranked in relationship to  o th e r  people your age .
CONFIDENTIALITY: The da ta  collected on ea c h  su b jec t  will be available only 
to  research  personnel.  N am es, a d d re s se s  and  pho n e  nu m b ers  will no t be  given 
o u t  w ithou t explicit perm ission of the  partic ipants , nor will nam es  be u sed  in 
any  reports. Each partic ipant will receive individual resu lts  w hen  analysis  is 
com plete .
RIGHT TO REFUSE OR WITHDRAW FROM THE STUDY: You m ay refuse  to  
partic ipate  or w ith d raw  from th e  s tudy  a t  any  time. You m ay also w ith d raw  
from any single perfo rm ance  te s t .
In signing this C o n sen t Form, you indicate th a t  you  are  a vo lun teer  for th e  
ab o v e  s tudy; th a t  you  un d ers tan d  its purpose , te s t ing  p ro ced u res  and  risks; and 
th a t  all of your ques tions  have  been  an sw ered .
S ignature of Partic ipant Date
Print Name of Partic ipant Date
S ignature  of W itness Date
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APPENDIX E 
PAR-Q
P A R T I C I P A N T  I D E N T I F I C A T I O N
PHYSICAL ACTIVITY READINESS QUESTIONNAIRE (PAR-Q)* 
A Self-administered Questionnaire for Adults
Q& Y O U
PAR-Q is designed  to help you help yourself. Many health  benefits  are a s so c ia te d  with 
regular ex e rc ise , and the com pletion of PAR-Q is a se n s ib le  firs t s te p  to take if you are planning 
to increase the amount of physical ac tiv ity  in your life.
For most people physical ac tiv ity  should not pose any problem or hazard . PAR-Q has been 
designed to identify the sm all number of adu lts for whom physical a c tiv ity  might be inappropriate 
or those who should have m edical adv ice concerning the type of a c tiv ity  m ost su itab le  for them.
Common se n se  is your best guide in answ ering these  few q u es tio n s . P le a se  read them c a re ­
fully and check the 0  YES or NO opposite the question if it applies to  you.
YES NO
□  □  1. H as your doctor ever sa id  you have heart trouble?
□  □  2 . Do you frequently  have pains in your heart and ch es t?
□  □  3 . Do you often feel faint or have sp e lls  of se v ere  d iz z in e s s?
□  □ 4 .  Has A doctor ever sa id  your blood p ressure w as too high?
□  □  5. H as your doctor ever told you that you have a bone or jo in t problem such a s  a r th ritis
that has been aggravated  by ex e rc ise , or might be made w orse with ex erc ise ?
□  □ e -
□  □  7. Are you over age  65 and not accustom ed to vigorous e x e rc ise ?
Is there a good physical reason not mentioned here why you should not follow an 
ac tiv ity  program even if you wanted to?
YES to one or more questions NO to all questions
If you have not recen tly  done so , co n su lt with 
your personal physician  by te lephone or in person 
B EFO R E increasing  your physical a c tiv ity  an d /o r 
tak ing  a  f itn e ss  te s t .  T e ll him w hat q u es tio n s 
you answ ered YES on PA R -Q , or show him your 
copy.
programs
A fter m edical ev aluation , se ek  ad v ice  from your 
physic ian  a s  to your su ita b ility  for:
0  un restric ted  physical a c tiv ity , probably on 
a gradually  increasing  b a s is .
#  res tr ic ted  or superv ised  a c tiv ity  to meet 
your sp e c ific  n eeds , a t lea s t on an in itia l 
b a s is .  Check in your community for specia l 
programs or se rv ic e s .
If you answ ered PA R -Q  accu ra te ly , you have 
reasonable assu ran ce  of your p resen t su itab ility  
for:
# A  GRADUATED EXERCISE PROGRAM - 
A gradual in crease  in proper ex erc ise  pro­
motes good f itn e ss  developm ent while m ini­
mizing or e lim inating  discom fort.
#  AN EXERCISE TEST - Simple te s ts  of f it­
n ess  (such a s  the C anadian  Home F itn e ss  
T est) or more complex types may be under­
taken if you so  d e s ire .
postpone
If you have a temporary minor il ln e ss , such a s  a 
common cold .
* D e v e lo p e d  b y  t h e  Br i t i sh  C o l u m b i a  M in is tr y  o f  H e a l th .  C o n c e p t u a l i z e d  a n d  c r i t iq u e d  b y  t h e  M u l t id i s c ip l in a ry  A d v i s o ry  B o a r d  o n  E x erc i se  ( M A B E ) ,  
T r a n s l a t i o n ,  r e p r o d u c t i o n  a n d  use  in i ts  e n t i r e t y  Is e n c o u r a g e d .  M o d i f i c a t i o n s  b y  w r i t t e n  p e rm is s io n  o n ly .  N o t  t o  b e  us ed f o r  c o m m e r c i a l  a dve rt is ing  
in o r d e r  t o  so li c it  b u s in e s s  f r o m  t h e  p u b l ic .
R e f e re n c e :  P AR*Q V a l id a t io n  R e p o r t ,  Brit i sh C o l u m b i a  M in is tr y  o f  H e a l th ,  M a y ,  1 9 7 8 .
• P r o d u c e d  b y  t h e  Br i t i sh  C o l u m b i a  M in is tr y  of H e a l th  a n d  t h e  D e p a r t m e n t  o f  N a t l o n a 1 H e a l th  & W elf are .  M2B-120
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APPENDIX F
UNLV Exercise Physiology Laboratory 
Physical C harac teris tics  and  F itness o f  Senior Olympians 
QUESTIONNAIRE
NAME DATE
LAST FIRST
ADDRESS
PHONE
ZIP
DEMOGRAPHIC DATA
AGE:
WORK STATUS (CHECK MOST APPROPRIATE RESPONSE):
RETIRED SEMI-RETIRED EMPLOYED FULL-TIME
HIGHEST EDUCATIONAL LEVEL (CHECK MOST APPROPRIATE RESPONSE):
 HIGH SCHOOL NOT COMPLETED  COMPLETED HIGH SCHOOL
SOME COLLEGE COLLEGE GRADUATE
HEALTH DATA:
1. HEALTH CONDITIONS (CHECK THE APPROPRIATE GROUPS OF 
CONDITIONS, IF ANY, AND NAME THE 
CONDITIONS):
CARDIOVASCULAR (EXAMPLE: HIGH BLOOD PRESSURE, HEART 
DISEASE)
RESPIRATORY (EXAMPLE: LUNG DISEASE, ASTHMA)
ORTHOPEDIC PROBLEMS (EXAMPLE: ARTHRITIS, BURSITIS,
JOINT PAIN, LOW BACK PAIN)
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HEARING OR VISUAL PROBLEMS OTHER THAN GLASSES
(EXAMPLE: HEARING AIDS, DIZZINESS)
2. SMOKING HISTORY:
HAVE YOU EVER SMOKED TOBACCO PRODUCTS ? (CIRCLE MOST 
APPROPRIATE RESPONSE): YES NO
IF NO, SKIP NEXT TWO QUESTIONS.
IN WHAT YEAR DID YOU START SMOKING? 19___
IF YOU DO NOT PRESENTLY SMOKE, IN WHAT YEAR DID YOU QUIT? 19___
3. ALCOHOL CONSUMPTION: (CIRCLE MOST APPROPRIATE RESPONSE) 
NONE OCCASIONALLY REGULARLY
4. DO YOU TAKE ANY MEDICATION(S)? YES NO
IF YES, NAME THE MEDICATIONS(S) IF KNOWN, AND WHAT THEY ARE FOR:
5. DO YOU EAT A SPECIAL DIET? YES NO 
IF YES, CHECK TYPE OF DIET:
 LOW FAT  HIGH CARBOHYDRATE
VEGETARIAN LOW SODIUM
WEIGHT LOSS OTHER
EXERCISE HISTORY (CHECK MOST APPROPRIATE RESPONSE):
1. PARTICIPATION WITHIN THE LAST YEAR:
 NO EXERCISE PLAN
 EXERCISE APPROXIMATELY 1 DAY EACH WEEK
 EXERCISE 2 OR 3 DAYS EACH WEEK
EXERCISE 4  OR MORE DAYS EACH WEEK
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2. DID YOU PARTICIPATE IN PHYSICAL EDUCATION WHILE IN SCHOOL? 
YES NO
3. LIST ANY SPORTS IN WHICH YOU COMPETED IN HIGH SCHOOL, 
COLLEGE, OR THE ARMED FORCES:
HIGH SC H O O L :______________________________________________________________
COLLEGE: __________________________________________________________________
ARMED FORCES: ____________________________________________________________
4. CHECK THE ACTIVITIES IN WHICH YOU PRESENTLY PARTICIPATE:
 WALKING
 BICYCLING
 SWIMMING
 JOGGING
 WEIGHT TRAINING
 OTHER (LIST)
SENIOR OLYMPIC DATA
1. CHECK THE FOLLOWING SENIOR OLYMPIC EVENTS IN WHICH YOU HAVE 
COMPETED AND WRITE IN THE YEAR(S) YOU COMPETED:
 5K OR 10K RUN: YEAR_________
 TRACK RUNNING EVENTS: YEAR_________
 WALKING: YEAR_________
 SWIMMING: YEAR_________
 FIELD EVENTS: YEAR_________
 RACQUETBALL: YEAR_________
 TENNIS: YEAR________
 BASKETBALL FREETHROW: YEAR_________
 BADMINTON: YEAR_________
 BOWLING: YEAR_________
 SHUFFLEBOARD: YEAR_________
 FRISBEE GOLF: YEAR_________
 POOL: YEAR_________
 THREE PAR GOLF: YEAR_________
 TABLE TENNIS: YEAR_________
 BOCCI BALL: YEAR__________
 HORSESHOES: YEAR__________
 JARTS: YEAR___________
GOLF PUTTING: YEAR
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NAME
ADDRESS
PHONE
DEMOGRAPHIC DATA
A G E :_______
WORK STATUS (CHECK MOST APPROPRIATE RESPONSE):
RETIRED SEMI-RETIRED EMPLOYED FULL-TIME
HIGHEST EDUCATIONAL LEVEL (CHECK MOST APPROPRIATE RESPONSE): 
HIGH SCHOOL NOT COMPLETED COMPLETED HIGH SCHOOL
SOME COLLEGE COLLEGE GRADUATE
HEALTH DATA:
1. SMOKING HISTORY:
HAVE YOU EVER SMOKED TOBACCO PRODUCTS ? (CIRCLE MOST 
APPROPRIATE RESPONSE): YES NO 
IF NO, SKIP NEXT TWO QUESTIONS.
IN WHAT YEAR DID YOU START SMOKING? 19___
IF YOU DO NOT PRESENTLY SMOKE, IN WHAT YEAR DID YOU QUIT? 19___
2. ALCOHOL CONSUMPTION: (CIRCLE MOST APPROPRIATE RESPONSE) 
NONE OCCASIONALLY REGULARLY
3. DO YOU TAKE ANY MEDICATION(S)? YES NO
IF YES, NAME THE MEDICATIONS(S) IF KNOWN, AND WHAT THEY ARE FOR:
APPENDIX G 
SENIOR HEALTH AND FITNESS QUESTIONNAIRE
_________________    DATE
LAST FIRST
ZIP
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4. DO YOU EAT A SPECIAL DIET? YES NO 
IF YES, CHECK TYPE OF DIET:
 LOW FAT  HIGH CARBOHYDRATE
 VEGETARIAN___________________ LOW SODIUM
WEIGHT LOSS _____ OTHER
EXERCISE HISTORY (CHECK MOST APPROPRIATE RESPONSE):
1. PARTICIPATION WITHIN THE LAST YEAR:
 NO EXERCISE PLAN
 EXERCISE APPROXIMATELY 1 DAY EACH WEEK
 EXERCISE 2 OR 3 DAYS EACH WEEK
EXERCISE 4  OR MORE DAYS EACH WEEK
2. DID YOU PARTICIPATE IN PHYSICAL EDUCATION WHILE IN SCHOOL? 
YES NO
3. LIST ANY SPORTS IN WHICH YOU COMPETED IN HIGH SCHOOL, 
COLLEGE, OR THE ARMED FORCES:
HIGH S C H O O L :______________________________________________________________
COLLEGE: __________________________________________________________________
ARMED FORCES: ____________________________________________________________
4. CHECK THE ACTIVITIES IN WHICH YOU PRESENTLY PARTICIPATE:
 WALKING
 BICYCLING
 SWIMMING
 JOGGING
 WEIGHT TRAINING
OTHER (LIST)
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APPENDIX H 
UNLV Exercise Physiology Laboratory 
Physical Characteristics and Fitness of Senior Olympians
Data Sheet
N am e________________________________________T es t  D ate____________ Time_
A d d ress_________________________________________________________ Zip_____
Phone______________  Age________  Sex: M F T es te r :_________________
Resting Heart Rate_______ b e a ts  per minute
Resting BP:_______ systo lic / diastolic
Height:_________ in c h e s __________ cen t im e te rs
W eight:_________ p o u n d s __________ kilograms
Skinfold M easu rem en ts  (in millimeters): C ircum ferences  (in cen tim eters)
A bdom en:  mm A bdom en:  cm
Ilium:  mm  Upper arm:  cm
Tricep:  mm Mid-thigh:  cm
Thigh:  mm  Calf:  cm
% Fat: mm
Sit and  Reach (neares t  1 /2  inch)
Trial 1:  inches
Trial 2: inches
Grip S treng th  (in kilograms):
D om inant Trial 1: ______ kg
D om inant Trial 2: ______ kg
N ondom inan t Trial 1: ______ kg
N ondom inan t Trial 2: ______ kg
G et Up and  Go T es t  (nearest .1 second)
Trial 1:  sec .
Trial 2:  sec .
M anual Coordination T es t (nea res t  .1 second)
Trial 1:  sec .
Trial 2:  sec .
Arm Curl (num ber of repetitions in 3 0  seco n d s)  
_______ repetitions
Half-mile Walk (minutes and  seco n d s)
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APPENDIX I
UNLV Exercise Physiology Laboratory 
Functional Fitness of Healthy Older Adults 
Data Sheet
Name_____________________________________Test Date  Time
Age  Sex: M F Tester:
Resting Heart Rate_______ bpm
Resting BP: /______
Weight:_________ pounds_________ kilograms
Height:_________ centimeters
Body Mass Index (wt/ht2)__________
Sit and Reach (nearest 1/2 inch)
Trial 1:  inches
Trial 2:  inches
Grip Strength (in kilograms):
Trial 1:  kg
Trial 2:  kg
Agility Test (nearest. 1 second)
Trial 1: _______ sec.
Trial 2: _______ sec.
Manual Coordination Test (nearest . 1 second)
Trial 1:_____ _______ sec.
Trial 2: _______ sec.
Arm Curl (number of repetitions in 30 seconds) 
_______ repetitions
Half-mile Walk (minutes and seconds)
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APPENDIX J  
RESULTS LETTER
Dear Participant,
Thanks again for participating in this important study. This sheet should give you 
some information on the test you just completed.
Test #1: The sit and reach test was used as a measurement of lower back and 
hamstring (the back of your upper leg) flexibility. Some degree of flexibility is required
to accomplish daily tasks such as bending and reaching. Your score w a s________
inches, compared to an average o f ________ inches.
Test #2: The grip strength test was used as a measurement of hand grip strength. 
Some amount of grip strength is necessary do daily tasks such as holding on to objects. 
Your score w as________ kilograms, compared to an average o f _________kilograms.
Test #3: The get up and go test was a measurement of agility. A certain amount 
of agility is necessary to perform a variety of tasks without falling. Your score was 
_________ seconds to complete the course, compared to an average___________ seconds.
Test #4: The soda pop coordination test was used as a measurement of hand-eye 
coordination and manual dexterity. Many tasks that require fine skills need these factors. 
Your score w as________seconds compared to an average o f __________seconds.
Test #5: T h e  pound arm curl was a measurement of upper arm strength
and endurance. Lifting objects is one activity that requires these factors. Your score 
w as_________repetitions, compared to an average o f _________ repetitions.
Test #6: The half-mile walk was used as a measurement of cardiorespiratory 
(heart and lungs) and lower body endurance. Walking, itself, is important for daily 
living. Your time w as : compared to an average o f  :______ .
APPENDIX K 
PARTICIPANT DATA AND SCORES
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Male Athletes: Age / Work / Educational / Health Status
Id.
No.
Age W ork S ta tu s Educational Level S m oke S m oke
Time
Alcohol
C onsum ption
M edica­
tion
S pecial
Diet
1 71 sem iretired college g raduate yes 28 occasionally no no
2 66 retired college g raduate y es 4 6 regularly y es no
3 67 retired so m e college y es 5 none no no
4 6 6 retired college g raduate y es 17 regularly no If
5 6 6 retired high school g rad u a te y es 2 occasionally no If
7 61 retired so m e college yes 29 none no If, hcarb
8 7 0 retired college g rad u a te no 0 occasionally no no
11 65 sem iretired so m e  college no 0 none y es If
12 6 2 full tim e college g raduate y e s 5 occasionally y es no
13 7 2 retired college g raduate no 0 none no o th e r
14 7 4 retired college g raduate no 0 occasionally no no
15 7 6 sem iretired high school g raduate y es 4 7 occasionally y es no
17 71 retired so m e  college yes 49 occasionally no no
18 6 4 full tim e college g raduate no 0 occasionally no no
2 2 6 2 sem iretired high school g raduate no 0 none no no
23 60 retired so m e  college yes 4 7 occasionally y es no
2 4 58 full tim e so m e  college no 0 regularly no no
26 63 retired so m e  college yes 5 none yes If.veg ,hcarb
31 67 retired so m e college yes 31 none no If, veg , wl
32 61 retired high school g raduate no 0 occasionally no If, wl, hcarb
33 61 full tim e college g raduate y es 15 occasionally y es If
3 5 67 retired high school incom plete yes 39 occasionally no veg
37 69 retired college g raduate no 0 none no If
38 7 5 retired co llege g raduate yes 5 none y es If
39 73 retired high school incom plete no 0 regularly yes If
4 2 59 full tim e college g rad u a te y es 10 none no If
43 7 6 retired college g raduate no 0 occasionally no no
4 5 6 2 full tim e college g raduate no 0 occasionally no no
4 9 62 full tim e college g raduate yes 8 regularly no no
5 0 58 full tim e college g raduate no 0 occasionally no no
51 69 retired high school incom plete y es 31 regularly no no
5 2 7 4 retired high school g raduate yes 31 occasionally y es If, Is
53 72 retired college g raduate no 0 occasionally no no
56 8 6 full tim e college g raduate yes 5 occasionally no If
59 7 6 retired so m e  college yes 2 5 occasionally no no
61 63 sem iretired so m e  college yes 39 occasionally y es no
62 59 retired college g raduate no 0 none yes wl
If =  low  fa t, Is =  low sodium , wl =  w eight lo ss , veg  =  v egetarian , hcarb  =  high ca rb o h y d ra te
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Female Athletes: Age I Work I Educational I Health Status
Id.
No.
Age W ork S ta tu s Educational Level S m oke Sm oke
Time
Alcohol
C onsum ption
M edica­
tion
Special
Diet
6 63 retired high school g rad u a te no 0 occasionally no no
9 6 4 retired high school g rad u a te no 0 occasionally no no
10 79 retired high school incom plete yes 20 occasionally yes no
16 7 0 retired high school incom plete no 0 occasionally y es no
19 58 full tim e college g rad u a te no 0 occasionally y es no
2 0 69 retired so m e  college y es 6 occasionally y es If, hcarb
21 7 3 retired high school g rad u a te y es 39 occasionally yes no
2 5 5 0 full tim e college g rad u a te no 0 none yes no
27 5 4 full tim e high school g rad u a te y es 20 occasionally y e s no
2 8 6 4 retired high school g rad u a te no 0 none yes If
2 9 6 5 retired college g rad u a te no 0 regularly no If, wl, Is
3 0 7 3 full tim e high school g rad u a te no 0 none no no
3 4 51 sem iretired college g rad u a te yes 15 occasionally no If,veg ,hcarb
3 6 5 6 sem iretired so m e  college no 0 none yes If, veg , wl
4 0 6 6 retired so m e college no 0 none yes If
41 5 6 retired so m e college no 0 occasionally no If
4 4 8 0 retired so m e college y es 32 occasionally yes no
4 6 8 0 sem iretired so m e college y es 30 none y es If,veg ,hcarb
4 7 67 sem iretired college g rad u a te yes 3 occasionally no no
5 4 73 retired so m e college no 0 occasionally y es no
55 66 retired so m e college y es 12 occasionally no no
57 65 retired so m e  college y es 43 occasionally y es no
58 7 2 full tim e so m e  college no 0 none y e s If
6 0 7 7 retired high school g rad u a te no 0 occasionally yes If
63 7 5 retired high school incom plete yes 28 occasionally yes no
6 4 7 5 retired high school g rad u a te no 0 occasionally no no
65 6 4 sem iretired college g rad u a te y es 17 occasionally y es If, hcarb
6 6 7 6 retired so m e  college no 0 occasionally no veg
If =  low  fa t, Is = low  sod ium , wl =  w eigh t lo ss , veg  =  vegeta rian , hcarb  =  high carb o h y d ra te
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Male IMon-athletes: Age / Work / Educational / Health Status
Id.
No.
Age W ork S ta tu s Educational Level S m oke S m oke
Time
Alcohol
C onsum ption
M edica­
tion
Special
Diet
1 81 retired so m e college no 0 none yes no
3 6 0 retired college g raduate no 0 regularly no no
5 7 0 retired college g raduate no 0 occasionally y es If, hcarb , Is
7 68 retired college g raduate y es 4 5 regularly no If
8 61 full tim e college g raduate y es 2 2 occasionally no If, Is
10 67 retired college g raduate no 0 occasionally no If, Is
11 5 5 full tim e so m e  college y es 15 occasionally yes If, Is
14 7 6 retired high school incom plete y es 3 2 none y es no
15 7 4 retired high school incom plete y e s 3 2 occasionally y es If, wl
16 71 retired high school g rad u a te no 0 none y es If, hcarb
18 5 5 full tim e college g rad u a te y e s 20 occasionally no no
22 7 2 retired high school g raduate no 0 regularly y es no
25 57 retired high school g raduate y es 3 0 none no no
3 2 7 3 retired so m e  college no 0 regularly no no
3 4 67 retired college g raduate y e s 1 occasionally no no
38 69 retired so m e college y es 4 6 occasionally y es Is
39 81 retired high school g raduate no 0 none y e s no
4 4 63 retired high school g raduate y es 4 4 occasionally no no
46 73 retired so m e  college no 0 none y es no
53 59 retired college g raduate yes 38 regularly no no
5 4 7 4 retired high school g raduate y es 31 none no veg
55 8 0 retired high school incom plete no 0 occasionally y es no
58 71 retired college g raduate no 0 none y es If, Is
59 61 retired so m e  college ■ yc* 4 2 regularly no no
61 67 retired college g raduate no 0 occasionally no no
63 68 retired college g raduate y es 3 7 occasionally no If, h carb , Is
6 4 6 4 retired college g raduate yes 41 regularly no no
65 67 retired college g raduate yes 11 occasionally no no
67 5 6 retired so m e college y es 18 occasionally no no
69 61 retired college g raduate no 0 occasionally no no
If =  low  fat, Is =  low  sodium , wl =  w eigh t lo ss , veg  =  v eg e ta rian , hcarb  =  high ca rb o h y d ra te
139
Female Non-athletes: Age I Work I Educational I Health Status
Id.
No.
Age W ork S ta tu s Educational Level Sm oke S m oke
Tim e
Alcohol
C onsum ption
M edica­
tion
Special
Diet
2 5 4 full tim e so m e college no 0 occasionally no no
4 68 retired college g raduate no 0 occasionally y es lf,hcarb ,ls
6 66 retired so m e  college no 0 occasionally yes If
9 6 0 sem iretired college g rad u a te y es 19 regularly no If, Is
12 7 5 retired so m e  college yes 2 4 occasionally no If,hcarb,Is
13 7 0 retired high school g raduate yes 23 none yes no
17 57 retired so m e college no 0 occasionally yes no
19 66 retired college g rad u a te yes 27 occasionally no hcarb
2 0 58 retired college g rad u a te yes 10 occasionally yes If
21 7 0 retired high school g raduate y e s 9 * regularly yes no
23 6 6 sem iretired so m e  college no 0 none y es If
2 4 56 full tim e college g rad u a te no 0 occasionally yes no
2 6 7 5 retired so m e college no 0 occasionally yes no
28 7 5 retired high school g raduate no 0 none no no
29 6 5 sem iretired college g rad u a te y e s i l l l l l occasionally yes hcarb
3 0 6 4 sem iretired high school g rad u a te no 0 none yes wl
31 7 4 retired college g raduate no 0 none yes If
3 3 6 3 retired high school g rad u a te y es 16 regularly no no
3 5 6 6 retired college g rad u a te no 0 occasionally yes veg. Is
3 6 68 retired college g rad u a te yes 2 4 occasionally yes If, Is
3 7 7 0 retired so m e  college yes 4 5 occasionally yes If, Is
4 0 61 retired so m e college no 0 none no If, Is
41 7 9 retired high school incom plete yes 21 none yes If, hcarb
4 2 6 5 retired high school g raduate no 0 occasionally yes If, wl. Is
4 3 69 retired high schoo l g rad u a te no 0 occasionally y es If, Is
4 5 68 retired so m e college yes : 5 4 occasionally no no
4 7 71 retired high school incom plete no 0 occasionally yes no
4 8 5 5 sem iretired high school incom plete yes 2 0 none yes If
4 9 61 retired so m e college yes 38 occasionally yes no
5 0 58 retired so m e college yes 4 occasionally yes If, veg , Is
51 6 5 retired high schoo l incom plete no 0 occasionally no no
5 2 5 9 retired so m e  college y es 3 6 occasionally no no
56 59 retired so m e college no 0 none yes no
57 6 5 retired so m e college no 0 none yes If, hcarb , Is
6 0 57 sem iretired college g rad u a te yes 19 occasionally yes no
6 2 6 6 retired college g rad u a te yes 39 occasionally yes If, Is
66 61 retired high school g rad u a te no 0 occasionally y es If
68 5 4 retired college g raduate no 0 occasionally no no
7 0 57 retired college g rad u a te no 0 occasionally yes no
71 61 sem iretired college g rad u a te yes 1 occasionally yes no
If =  low  fa t, Is =  low  sodium , wl =  w eight loss , veg  =  v egetarian , hoarb =  high carb o h y d ra te
Male Athletes: Exercise History
Id.
No.
F requency
d ay s /w k
PE while 
in school
C om petitive
S p o rts
P re sen t
A ctivities
M ajor S enior 
G am es Events
1 2  or 3 y es y es w a, bi, sw , w t all
2 2 o r 3 y es yes bi, sw , w t, o t track
3 4  or m ore y es yes w a, bi track , sw im , rack e t
4 4  or m ore y es y es bi, sw , jo, w t sw im
S 4  or m ore yes yes w a, sw , jo all
7 4  o r m ore yes yes w a, jo track
8 4  or m ore y es yes w a, sw , jo, ot track , sw im
11 4  or m ore yes yes w a, sw , jo all
12 4  or m ore yes yes o t rack e t
13 4  or m ore yes yes sw , o t sw im , rack e t, p assiv e
1 4 2  or 3 no yes w a, jo , w t, o t track , rack e t
15 4  or m ore yes yes o t field, racket, p ass iv e
17 4  or m ore yes no w a, w t, ot track , p assiv e
18 2  or 3 yes no w a, o t track , field, rack e t
2 2 2 or 3 yes y es o t trk, fid, sw im , p assive
23 2 or 3 y es y e s w a, jo, ot track
2 4 4  or m ore yes yes w a track , rack e t
26 4  or m ore yes yes sw , jo track , field
31 4  or m ore y es no ot track , field, p assiv e
3 2 2  or 3 y es yes w a, bi, sw track , racket, p ass iv e
33 2 or 3 yes yes w a, sw track , field, sw im
3 5 4  or m ore yes yes w a, bi, jo track
37 1 y es yes w a, sw trk , fid, sw im , p ass iv e
38 4  or m ore y es yes w a, sw sw im
3 9 4  or m ore y es yes w a, sw im , ot track , p assiv e
4 2 4  or m ore yes yes w a, bi, sw , ot sw im
43 2 or 3 y es yes w a, ot track , field
4 5 4  or m ore y e s y es w a, bi, sw , jo, ot sw im
49 4  or m ore yes yes jo, w t, o t track
5 0 4  or m ore yes yes w a, jo, o t track , p assiv e
51 4  or m ore no no w a, bi, sw , jo track , sw im
52 2 or 3 yes yes w a, sw , jo track , sw im , p assiv e
53 4  or m ore y es y es w a, o t rack e t
56 4  o r m ore no yes sw , o t sw im , racket
5 9 4  or m ore y es yes w a, sw , o t racket
61 4  o r m ore y es yes w a, sw , jo track , rack e t
62 1 y es yes w a all
w a =  w alking, sw  =  sw im m ing, jo =  jogging, bi =  bicycling, o t  =  o ther
Female Athletes: Exercise History
Id.
No.
Frequency
day s/w k
PE while 
in school
C om petitive
S p o rts
P resen t
A ctivities
M ajor Senior 
G am es E vents
6 4  or m ore no no w a, o t track , p ass iv e
9 4  or m ore yes no w a, sw , w t, ot track
10 1 yes y es o t p assiv e
16 2 or 3 yes no ot track
19 4  or m ore y es yes w a, o t trk , fid, rkt, p assiv e
20 4  or m ore yes no io track
21 2 or 3 yes y es w a, sw , o t track , sw im
25 4  or m ore yes no w a, jo track
27 4  or m ore no no sw , jo track
28 4  or m ore y es y es w a, o t track
29 4  or m ore no no w a, ot p assiv e
3 0 0 y es y es ot track , field, p assiv e
3 4 4  or m ore no no all track
3 6 2  or 3 y es yes w a, bi, sw track , sw im
4 0 4  or m ore y es no w a, bi, sw , ot track , sw im , p ass iv e
41 4  or m ore yes yes w a, ot track
4 4 4  or m ore no no sw sw im
4 6 2 or 3 yes yes w a, sw , ot track , field, sw im
4 7 4  or m ore y es no sw sw im
5 4 4  or m ore y es yes w a, ot rack e t
5 5 4  or m ore no no jo track
57 4  or m ore yes yes w a, sw , ot p assiv e
58 1 yes yes none all
60 4  or m ore y es yes sw , ot rack e t
63 0 yes yes ot track , field
6 4 4  or m ore yes no w a, sw , ot track , sw im
65 2  or 3 yes no w a, jo track
66 2 or 3 yes yes w a track , p assiv e
w a =  w alking, sw  =  sw im m ing, jo =  jogging, bi =  bicycling, o t =  o th er
Male Non-athletes: Exercise History
Id. F requency PE while C om petitive P re sen t
No. d ay s /w k in school S p o rts A ctivities
1 2  or 3 no no w a, w t
3 4  or m ore yes yes bi, w t, o t
5 1 no no w a, o t
7 4  or m ore yes no w a, sw , o t
8 1 yes no w a, sw
10 2  or 3 yes no w a, o t
11 1 yes yes w a, sw , jo
14 4  or m ore no no w a, sw
15 2  or 3 yes yes w a
16 4  or m ore yes no w a, o t
18 1 yes y es w a
2 2 4  or m ore yes y es w a, w t
2 5 2  or 3 yes no w t
3 2 4  or m ore yes yes w a, sw
3 4 4  or m ore yes yes w a, sw , w t
3 8 2 or 3 yes no w a, o t
39 0 y es y es none
4 4 4  or m ore no no w a
4 6 4  or m ore yes yes w a, sw , o t
5 3 4  or m ore yes yes w a, o t
5 4 2  or 3 no yes w a, o t
5 5 2  or 3 yes no w a
58 4  or m ore yes yes w a, w t
59 4  or m ore yes yes w a, sw , w t
61 2  or 3 no no w a, sw , o t
63 0 no yes w a, sw
6 4 4  or m ore yes yes w a, bi, w t
65 2  or 3 no no sw , jo, w t
67 2 or 3 yes yes bi, w t
69 2 or 3 yes yes w a, jo
w a  =  w alk ing , s w  =  sw im m ing, jo -  jogg ing , bi -  b icycling , o t =  o th e r
Female Non-athletes: Exercise History
Id.
No.
Frequency
d a y s /w k
PE while  
in school
Competitive
Sports
Present
Activities
2 2  or 3 y e s y e s w a ,  bi, s w
4 1 y e s no w a ,  ot
6 2 or 3 y e s y e s w a ,  s w ,  ot
9 2  or 3 y e s no w a
12 4  or more y e s no w a ,  o t
13 4  or more y e s y e s w a ,  s w ,  jo
17 2 or 3 y e s y e s w a ,  ot
1 9 4  or more y e s y e s w a ,  s w
2 0 4  or more y e s y e s w t ,  ot
21 0 no no none
2 3 2  or 3 y e s y e s w a ,  s w ,  ot
2 4 2  or 3 y e s no w a ,  ot
2 6 2  or 3 y e s no w a
2 8 4  or more y e s y e s w a ,  ot
2 9 4  or more y e s y e s ot
3 0 4  or more y e s no w a ,  ot
31 2  or 3 y e s no w a ,  bi, jo, w t
3 3 0 y e s no w a
3 5 1 y e s y e s w a
3 6 1 y e s y e s w a
3 7 4  or more y e s y e s w a ,  ot
4 0 2  or 3 y e s y e s ot
41 4  or more no no s w ,  ot
4 2 4  or more no no w a ,  ot
4 3 4  or more y e s no w a ,  s w ,  ot
4 5 4  or more y e s y e s w a ,  jo
4 7 4  or more no no w a ,  ot
4 8 4  or more y e s no w a
4 9 4  or more y e s no w a ,  s w
5 0 4  or more y e s y e s w a
51 2  or 3 no no s w ,  ot
5 2 4  or more y e s y e s w a ,  ot
5 6 2 or 3 y e s y e s w a
5 7 4  or more y e s no w a ,  bi, w t
6 0 2  or 3 y e s y e s w a ,  bi, ot
6 2 0 no no w a ,  s w
6 6 4  or more y e s no w a ,  s w
6 8 0 no no none
7 0 2  or 3 y e s no w a ,  bi, s w ,  w t
71 4  or more y e s no w a ,  w t ,  ot
w a =  w alking, sw  =  sw im m ing, jo =  jogging, bi =  bicycling, o t =  o th er
Male Athletes:
Height, Weight and
Body Mass Index (BMI)
144
Id.
No.
Height
(cm)
Weight
(kg)
BMI
1 1 6 9 8 3 . 5 7 2 9 . 2 6
2 1 6 9 . 5 7 4 . 3 9 2 6 . 0 5
3 1 7 9 6 5 . 3 2 2 0 . 3 9
4 1 7 3 6 8 . 2 7 2 2 .8 1
5 1 7 8 8 0 .5 1 2 5 .4 1
7 1 7 6 7 0 . 6 4 2 2 . 8
8 1 7 5 . 5 6 2 . 3 7 2 0 . 3 7
11 1 6 5 7 2 . 8 2 6 . 7 4
12 1 6 6 7 3 . 0 3 2 6 . 5
13 1 8 6 8 9 . 5 9 2 5 . 9
14 1 6 3 5 6 . 4 7 2 1 . 2 5
15 1 6 6 6 5 . 4 2 3 . 7 3
17 1 6 3 6 8 .7 2 5 . 8 5
18 1 7 8 7 6 . 4 2 4 .1 1
2 2 1 7 7 . 5 8 0 . 9 7 2 5 . 7
2 3 1 7 8 6 7 . 5 9 2 1 . 3 3
2 4 1 6 9 6 4 .4 1 2 2 . 5 5
2 6 1 6 9 7 8 . 2 5 2 7 . 4
31 1 6 8 7 6 2 6 . 9 3
3 2 1 7 5 . 5 8 7 . 5 4 2 8 . 5 8
3 3 181 7 6 . 6 6 2 3 . 4
3 5 1 7 0 6 4 . 8 6 2 2 . 4 4
3 7 1 6 4 7 4 . 1 6 2 7 . 5 7
3 8 1 7 6 6 5 . 0 9 2 1 .0 1
3 9 1 6 6 6 4 2 3 . 2 3
4 2 1 6 6 71 2 5 . 7 7
4 3 1 5 6 5 9 . 6 5 2 4 .5 1
4 5 1 7 6 7 5 . 8 5 2 4 . 4 9
4 9 181 6 7 2 0 . 4 5
5 0 1 7 0 . 5 6 7 . 5 2 3 . 2 2
51 1 6 8 6 6 2 3 . 3 8
5 2 1 6 9 6 5 2 2 . 7 6
5 3 171 7 0 . 7 6 2 4 . 2
5 6 1 7 0 7 4 . 1 6 2 5 . 6 6
5 9 1 7 9 8 4 . 8 2 2 6 . 4 7
61 1 6 7 8 1 . 4 2 2 9 . 1 9
6 2 1 7 7 1 0 7 .5 3 4 .3 1
Female Athletes:
Height, Weight and
Body Mass Index (BMI)
145
Id.
No.
Height
(cm)
W eight
(kg)
BMI
6 166 .5 6 0 .5 5 21 .71
9 161 5 6 .7 2 1 .8 7
10 159 6 2 .2 5 2 4 .6 2
16 159 5 7 .8 2 2 .8 6
19 162 5 6 .5 2 1 .5 3
20 1 5 3 .5 41.1 1 7 .5 6
21 153 45 1 9 .2 2
25 168 .5 5 5 .4 19.51
27 165 6 2 .8 2 2 3 .0 7
28 166 .5 6 5 .3 2 2 3 .5 6
29 155 .5 8 1 .8 7 3 4 .0 8
30 162 6 0 .2 2 2 .9 4
3 4 165 5 9 .1 9 2 1 .7 4
3 6 168 .5 6 1 .9 2 2 3 .5 9
4 0 166 6 4 .8 6 2 3 .5 4
41 173 8 4 .8 2 2 8 .3 4
4 4 154 6 1 .2 4 2 5 .8 2
4 6 156 6 0 .3 3 2 4 .7 9
4 7 162 7 4 .8 4 2 8 .5 2
54 156 5 4 .8 9 2 2 .5 6
55 152 56 2 4 .2 4
57 162 6 8 .7 2 2 6 .1 9
58 168 6 8 .9 5 2 4 .4 3
60 1 55 .5 5 5 .6 2 2 .8 5
63 164 7 8 .7 2 9 .2 6
64 156 6 0 .7 8 2 4 .9 8
65 165 6 3 .5 2 3 .3 2
66 162 58 .51 2 2 .2 9
Male Non-athletes:
Height, Weight and
Body Mass Index (BMI)
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Id.
No.
Height
(cm)
Weight
(kg)
BMI
1 1 7 2 . 5 7 0 . 4 5 2 3 .8 1
3 1 7 0 7 1 . 5 2 4 . 7 4
5 1 7 5 7 7 . 2 5 2 5 . 2 2
7 171 8 1 . 2 2 2 7 . 7 8
8 1 7 5 8 1 . 6 7 2 6 . 6 7
1 0 1 8 4 8 3 .7 1 2 4 . 7 3
11 1 6 9 7 2 . 0 5 2 5 . 2 3
1 4 1 7 8 . 5 7 9 . 8 5 2 5 . 2
15 181 8 6 .2 1 2 6 .3 1
16 1 7 8 .5 7 4 . 1 8 2 3 .4 1
18 1 8 0 8 0 .3 1 2 4 . 7 9
2 2 1 8 4 7 8 . 4 9 2 3 . 1 8
2 5 1 7 6 1 0 7 . 0 8 3 4 . 5 4
3 2 1 7 0 . 5 7 3 . 5 2 5 . 1 4
3 4 181 1 1 3 .4 3 4 . 6
3 8 1 7 3 9 9 . 8 2 3 3 . 3 5
3 9 1 7 4 8 5 . 7 5 2 8 . 3 2
4 4 181 8 3 . 9 4 2 5 . 6 2
4 6 181 7 4 .4 1 2 2 .7 1
5 3 1 7 1 . 5 7 4 . 8 6 2 5 . 3
5 4 1 7 7 6 3 . 0 7 2 0 . 1 3
5 5 1 6 9 6 5 . 7 9 2 3 . 0 3
5 8 171 6 8 .5 1 2 3 . 4 3
5 9 1 7 7 .5 7 5 . 7 8 2 3 .9 1
61 1 8 5 97 .1 2 8 . 3 7
6 3 1 7 8 9 5 . 2 8 3 0 . 0 7
6 4 1 7 5 . 5 7 3 . 5 2 3 . 7 3
6 5 1 7 3 . 5 6 4 . 8 8 2 1 . 4 3
6 7 1 8 5 9 5 . 7 4 2 7 . 9 7
6 9 1 8 3 9 8 .9 1 2 9 . 5 4
Female Non-athletes:
Height, Weight and
Body Mass Index (BMI)
147
Id. Height Weight BMI
No. (cm) (kg)
2 15 3 .1 8 0 . 5 7 3 4 . 3 6
4 1 5 0 4 6 . 1 7 2 0 . 5 2
6 1 5 8 6 3 . 7 5 2 5 . 5 3
9 1 6 2 6 1 . 0 3 2 3 . 2 5
12 1 4 7 4 5 . 8 3 2 1 .2 1
13 1 6 0 5 9 . 6 6 2 3 .3 1
17 1 6 0 .5 6 2 . 1 6 2 3 . 9 8
19 1 6 7 6 8 . 7 4 2 4 . 6 4
2 0 1 5 4 5 6 . 0 3 2 3 . 6 3
21 1 5 9 5 4 . 6 7 2 1 . 6 3
2 3 1 5 7 6 3 . 2 9 2 5 . 6 8
2 4 1 5 9 6 7 . 9 4 2 6 . 8 8
2 6 1 5 7 6 4 . 4 2 2 6 . 1 4
2 8 1 6 3 5 5 .8 1 2 1 .0 1
2 9 1 6 3 5 6 . 7 2 2 1 . 3 5
3 0 1 5 5 6 4 . 8 8 2 7 .0 1
31 1 6 8 6 3 . 5 2 2 2 .5 1
3 3 1 7 2 7 7 . 1 3 2 6 . 0 7
3 5 1 5 5 6 4 . 8 8 2 7 .0 1
3 6 1 5 8 6 7 . 1 5 2 6 . 9
37 1 7 2 6 6 . 2 4 2 2 . 3 9
4 0 1 5 6 5 3 . 5 4 2 2
41 1 6 2 5 8 . 0 8 2 2 . 1 3
4 2 1 6 0 .5 6 1 . 2 5 2 3 . 6 3
4 3 161 8 0 . 7 6 3 1 . 1 6
4 5 1 6 5 6 0 . 8 2 2 . 3 3
4 7 1 6 4 6 7 . 1 5 2 4 . 9 7
4 8 1 6 4 6 4 . 4 2 2 3 . 9 5
4 9 1 6 6 6 4 . 8 8 2 3 . 5 4
5 0 1 6 8 8 6 .2 1 3 0 . 5 4
51 1 5 8 7 7 . 1 3 3 0 . 9
5 2 1 6 6 5 9 . 8 9 2 1 . 7 3
5 5 1 6 0 5 8 . 9 8 2 3 . 0 4
5 7 161 5 6 . 2 6 2 1 . 7
6 0 1 6 9 6 0 . 8 2 1 . 2 9
6 2 1 5 9 6 9 . 8 7 2 7 . 6 4
6 6 1 6 7 5 3 . 9 9 1 9 . 3 6
6 8 1 6 7 6 2 . 1 6 2 2 . 2 9
7 0 1 6 6 .5 6 3 . 0 7 2 2 .6 1
71 1 6 6 5 1 . 7 2 1 8 .7 7
Male A thle tes: Body Com position
Id.
No.
SKINFOLDS (mm) CIRCUMFERENCES (c
AB IL TR TH SUM 4 % FAT AB UA TH CA
1 32 30 28 33 123 3 2 .4  ' 1 0 4 37 54 37
2 13 11 5 13 42 1 4 .6 90 31 51 38
3 12 9 8 15 4 4 1 6 . 9 . . . 73 26 45 3 6
4 13 8 8 8 37 1 3 .4 84 29 51 3 6
5 25 19 13 8 65 2 0 .6 93 30 52 3 8
7 21 13 10 10 54 1 8 -3 8 4 3 0 48 35
8 10 7 5 7 29 12.1 77 26 45 3 5
11 3 6 31 15 9 91 - 2 6 99 3 0 49 37
12 23 14 10 17 64 2 0 .6 95 3 0 46 3 6
13 45 42 10 25 122 3 1 .6 105 30 50 39
14 14 9 5 7 35 1 3 .4 79 25 41 3 0
15 2 4 16 8 7 55 1 8 .3 : 92 26 44 33
17 27 16 14 20 77 2 2  JB 92 32 44 35
18 3 0 17 10 15 72 '2 1 . 8 92 31 4 8 38
22 29 14 10 10 63 2 0 .6 96 3 0 50 38
23 22 15 7 20 62 1 9 .6 83 29 47 33
24 16 15 8 10 49 17.1 82 28 4 8 3 6
26 4 0 22 20 21 103 2 8 .6 ' 98 31 54 36
31 19 14 13 23 69 2 1 .8 96 31 46 3 6
32 55 35 15 15 120 3 1 .6 110 31 45 3 8
33 15 12 6 10 43 17 .1 91 29 4 6 35
35 10 12 15 13 50 17.1 85 28 4 8 33
37 15 11 10 9 45 1 3 .3 90 32 50 34
38 10 7 7 8 32 1 2 .1 77 29 46 34
39 14 8 5 11 38 1 4 6 85 27 44 33
42 26 20 11 2 0 77 2 2 .8 89 31 52 39
43 20 8 10 10 48 : 88 27 43 35
45 11 10 8 8 37 1 3 .4 87 31 51 39
49 18 12 7 7 44 1 5 .9 82 2 8 46 35
50 28 15 13 18 74 2 2 .8 91 2 8 47 35
51 20 20 7 18 65 2 0 .6 93 29 4 6 3 6
52 15 7 4 4 3 0 1 2 A 94 25 44 34
53 21 15 8 14 58 1 8 .5 89 2 6 46 38
56 19 16 12 2 0 67 2 0 .6 92 3 0 50 3 8
59 31 15 16 19 81 2 3 .9 99 28 4 6 37
61 23 14 12 18 67 2 0 .6 1 03 31 51 3 8
62 3 2 13 12 18 75 2 2 .8 110 37 61 4 6
Female Athletes: Body Composition
Id.
No.
SKINFOLDS (mm) CIRCUMFERENCES (c
AB IL TR TH SUM  4 TAT AB UA TH CA
6 22 10 20 27 79 , 2 4 j m 69 27 4 8 3 7
9 22 15 10 21 68 £ 1 .9 77 2 6 4 4 3 3
10 35 15 22 33 105 83 3 0 4 8 35
16 15 15 18 26 7 4 , n 73 27 53 3 5
19 24 20 28 32 104 2 9 .6 70 27 4 6 3 6
20 12 4 12 11 39 1 4 .4 69 21 4 0 31
21 7 4 11 15 37 1 3 68 25 3 6 29
25 6 5 18 32 61 4 9 ; l 62 25 47 3 6
27 20 15 11 24 7 0 2 1 .7 75 2 6 49 3 5
28 25 15 25 4 0 105 '2916 87 29 49 3 6
29 60 37 4 0 55 192 4 4 .1 90 3 6 59 38
30 3 4 23 20 25 102 23.6 ' 78 27 4 8 31
34 33 15 17 2 4 89 • '26.1 ' 75 27 5 0 35
36 35 24 22 23 104 -29.6'. 102 31 51 37
4 0 4 0 8 18 4 4 110 3 0 .6 70 28 50 35
41 4 0 25 26 51 142 3 6 ,3 9 0 32 5 4 42
4 4 55 29 13 25 122 3 2 .6 102 22 4 7 34
4 6 23 7 17 3 2 79 24.2 87 26 4 7 35
47 4 0 30 25 4 0 135 3 6 .4 98 33 53 3 6
54 35 3 0 12 23 100 26.6 79 27 4 4 33
55 22 12 21 31 86 2 5 .3 75 28 53 35
57 18 19 12 2 6 75 2 3 79 29 50 39
58 18 12 23 28 81 2 4 .2 81 28 4 9 39
60 35 23 14 31 103 2 9 .6 95 25 4 9 3 3
63 4 3 34 3 4 4 0 151 3 8 105 3 4 54 3 6
64 29 8 15 16 68 2 1 ,9 61 27 53 39
65 23 8 18 25 7 4 2 3 77 30 51 36
66 18 13 15 2 4 67 2 0 .7 73 28 51 36
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Male A thle tes : Functional F itness Perform ance
Id. Sit and Grip Agility Manual Coordi­ Arm Curl Half-mile
No. Reach (in.) Strength (kg) (sec.) nation (sec.) (reps) W alk (sec.)
1 12 45 2 1 .6 10 .4 28 4 6 2
2 20 4 2 18 .9 1 0 .5 32 381
3 13 45 19 .7 1 0 .6 19 371
4 13 5 0 2 1 .7 11 26 4 1 6
5 2 9 .5 53 18 8 .4 33 3 2 4
7 16 4 9 16.6 12.1 26 2 9 3
8 17 3 9 16 .7 10 .3 20 3 4 8
11 15 5 0 2 0 .4 1 2 .5 2 4 2 8 0
12 17 3 9 17 .8 1 0 .4 3 0 3 6 8
13 17 29 28 1 6 .4 19 4 3 0
14 18 3 4 21.1 1 0 .5 39 3 9 3
15 13 .5 35 2 7 .8 1 3 .9 24 5 3 4
17 16 4 4 2 0 .7 1 1 .9 22 4 2 4
18 18 45 15 .7 8 .6 3 0 3 7 6
22 16 53 2 0 .3 1 0 .8 21 3 8 3
23 20 4 2 2 2 .2 1 1 .2 19 3 8 5
2 4 24 47 15.1 1 0 .8 31 3 1 4
2 6 12 51 1 6 .6 9 .7 37 2 4 5
31 23 3 4 22 11.1 2 0 421
32 18 4 2 2 3 .9 1 0 .9 20 441
33 16 4 2 15.4 8 .4 31 3 4 8
35 2 4 .5 35 16.9 10 .5 26 3 4 7
37 25 4 3 17 7 .5 33 4 4 2
3 8 23 45 2 0 .4 1 1 .8 26 4 0 8
39 20 4 8 2 4 .9 1 4 .7 22 4 4 0
4 2 26 5 0 17 .8 9 .7 28 3 1 5
43 19 33 2 1 .6 9 .7 23 4 3 5
45 28 52 16.3 9 .8 29 311
4 9 2 0 .5 51 1 8 .4 9 .8 30 351
50 12 .5 3 5 1 6 .4 1 0 .9 27 3 8 7
51 20 3 0 23.1 1 1 .6 22 4 1 0
52 16 3 8 2 1 .6 12 .8 23 3 6 0
53 20 31 17 11 .6 21 4 0 8
56 2 6 .5 27 3 1 .2 1 3 .7 17 571
59 14 35 22 12 .5 26 4 4 5
61 2 4 .5 4 0 16.7 8 .8 3 0 3 9 8
62 11 4 3 17 .8 1 2 .9 33 4 6 3
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Female Athletes: Functional Fitness Performance
Id. Sit and Grip Agility Manual Coordi­ Arm Curl Half-mile
No. Reach (in.) Strength (kg) (sec.) nation (sec.) (reps) W alk (sec.)
6 24 33 21.1 12.1 2 0 3 4 3
9 26 26 20.1 11 .5 24 3 5 5
10 19 34 35 12 .5 17 5 8 8
16 27 33 1 6 .6 11 .4 3 0 3 8 0
19 27 33 1 6 .3 9 33 3 9 2
2 0 2 3 .5 21 1 8 .8 10.2 26 3 9 7
21 2 8 .5 22 23 1 1 .3 19 4 9 3
25 32 33 18 .2 8 .9 32 2 9 4
27 28 3 0 2 5 .4 1 1 .2 16 4 3 9
28 21 30 2 4 .7 9 .2 2 6 47 2
29 23 27 2 3 .9 8 .3 3 4 471
3 0 2 0 .5 34 28.1 15 .7 17 539
3 4 29 4 0 1 8 .6 10 28 3 4 6
36 15 37 2 0 .3 8 37 4 4 7
4 0 20 31 2 1 .2 11.1 24 421
41 2 2 .5 40 2 5 .4 11 .2 24 4 2 2
4 4 28 23 28 1 1 .3 21 593
4 6 3 0 .5 24 2 3 .9 10 2 8 5 4 7
47 26 35 2 1 .7 1 1 .4 3 6 5 1 9
54 19 .5 34 18 8 .8 29 4 3 6
55 __ 25 33 2 0 .2 9 .5 33 3 6 0
57 2 7 .5 43 19.1 8 .8 29 4 0 4
58 24 38 2 0 .9 10 .9 2 6 481
60 2 1 .5 29 2 4 .5 14 .3 23 517
63 2 1 .5 37 2 4 .9 9 .5 35 4 6 7
64 22 26 2 0 .3 10 .2 20 4 3 9
65 23 47 18 .4 8 .8 23 3 6 4
66 20 21 3 5 .5 14 21 5 6 0
Male N on-athle tes: Functional F itness Perform ance
Id. Sit and Grip Agility Manual Coordi­ Arm Curl Half-mile
No. Reach (in.) Strength (kg) (sec.) nation (sec.) (reps) Walk (sec.)
1 1 0 .5 4 2 2 2 . 8 1 3 .9 2 9 4 6 7
3 2 7 . 5 4 6 1 3 .6 8 .7 31 3 5 8
5 1 5 .5 4 9 1 6 .2 12.1 2 7 3 8 9
7 1 7 .5 4 2 2 4 1 2 .5 21 4 9 6
8 2 0 4 8 1 9 .6 1 0 .9 3 2 4 0 1
10 13 3 9 2 3 9 .6 2 3 4 5 3
11 2 7 5 2 15.1 1 0 .2 2 8 4 0 0
14 2 3 . 5 4 0 2 4 1 1 .7 17 4 6 2
15 1 3 .5 4 3 2 4 .9 1 0 .2 2 5 5 2 8
16 2 0 4 8 18 9 .7 2 9 4 1 8
18 2 7 5 7 1 4 .6 8 .9 3 9 3 3 5
2 2 14 51 2 9 . 9 1 2 .7 2 0 4 6 9
2 5 1 8 .5 5 5 2 1 .7 1 1 .3 2 4 5 5 2
3 2 15 3 2 2 4 . 8 1 0 .4 2 4 4 5 3
3 4 2 3 41 2 9 .2 8 .5 2 5 5 0 7
3 8 2 3 5 5 2 1 .6 1 0 .6 2 6 3 7 5
3 9 13 3 9 4 1 . 6 14.1 15 DNF
4 4 1 0 4 3 2 9 . 6 1 1 .7 21 5 5 2
4 6 19 4 7 2 0 .3 1 3 .4 2 5 3 5 5
5 3 12 5 2 1 5 .8 10.1 2 7 4 1 5
5 4 1 5 .5 41 16.1 9 .5 2 4 3 2 6
5 5 1 5 .5 2 4 1 9 .9 1 0 .4 19 4 4 3
5 8 10 4 7 1 9 .8 1 1 .9 2 2 4 0 7
5 9 2 7 5 4 1 8 .6 1 0 .2 2 6 3 4 5
61 8 5 5 1 9 .9 1 0 .8 2 0 3 7 6
6 3 7 5 3 2 0 .6 9 .3 2 3 4 6 7
6 4 1 8 .5 6 3 1 5 .8 10.1 2 5 3 4 8
6 5 2 0 5 2 1 6 .6 8 .7 3 5 3 6 8
6 7 2 5 71 16.1 8 .8 2 6 4 0 3
6 9 2 0 6 2 1 7 .3 1 1 .2 2 2 4 4 7
Female Non-athletes: Functional Fitness Performance
Id. Sit and Grip Agility Manual Coordi­ Arm Curl Half-mile
No. Reach (in.) Strength (kg) (sec.) nation (sec.) (reps) Walk (sec.)
2 2 1 . 5 31 2 0 . 5 9 31 4 6 9
4 3 1 . 5 2 5 1 7 .4 1 2 .7 31 3 9 7
6 18 2 8 2 2 . 6 9 .9 2 8 5 0 6
9 21 2 7 1 9 .6 1 0 .6 2 5 4 7 3
12 17 15 3 0 13.1 2 2 5 7 7
13 2 4 . 5 3 0 2 1 . 7 10.1 2 0 4 6 4
17 2 2 . 5 3 5 1 7 .9 9 4 0 4 6 2
19 2 6 3 2 2 1 . 4 11 2 0 4 9 5
2 0 2 9 31 1 9 .5 9 .5 21 4 3 8
21 21 2 3 3 4 19 16 DNF
2 3 2 6 2 6 2 2 . 3 1 1 .7 21 5 1 4
2 4 2 5 . 5 3 0 2 3 .1 8 2 4 4 5 9
2 6 2 7 . 5 3 0 2 8 1 1 .7 2 3 DNF
2 8 2 2 . 5 2 7 3 4 . 7 1 3 .3 2 0 4 6 7
2 9 2 9 2 9 2 2 . 5 1 1 .4 2 4 5 6 7
3 0 2 5 . 5 3 4 2 0 . 5 1 0 .4 21 4 1 3
31 2 4 2 8 2 2 . 8 1 2 .7 2 2 4 3 3
3 3 2 5 3 3 2 0 1 1 .7 21 4 4 2
3 5 2 5 . 5 31 1 8 .9 10.1 2 3 4 1 6
3 6 2 4 2 6 2 1 .1 1 1 .8 21 4 7 2
3 7 3 3 3 5 2 1 . 7 1 1 .3 2 6 3 9 6
4 0 2 8 . 5 2 5 1 5 .9 8 .5 2 8 3 6 1
41 3 6 2 7 18.1 9 .6 3 0 3 6 1
4 2 2 8 . 5 2 8 1 8 .6 1 0 .6 2 8 3 9 3
4 3 2 0 . 5 2 9 2 4 . 5 1 1 .4 21 4 6 2
4 5 2 5 2 7 2 2 . 6 12 2 5 3 9 1
4 7 3 0 2 9 1 9 .2 1 1 .3 2 9 4 1 5
4 8 2 0 . 5 3 6 2 0 .1 9 .7 2 8 3 9 1
4 9 21 2 7 2 2 . 2 11 2 7 4 4 7
5 0 2 8 4 4 1 6 .9 9 3 5 3 9 8
51 2 7 2 8 2 0 . 9 1 7 .4 2 2 3 6 7
5 2 21 3 0 1 6 .8 1 0 .2 2 0 4 1 2
5 6 3 1 . 5 3 3 18.1 1 0 .2 2 5 3 9 0
5 7 3 0 3 4 1 8 .7 9 .6 2 7 4 0 8
6 0 2 6 3 2 19.1 9.1 2 2 3 9 6
6 2 2 3 . 5 2 3 1 8 .9 9.1 2 2 5 0 5
6 6 1 6 .5 3 2 1 7 .5 10.1 2 3 3 8 6
6 8 1 4 .5 2 8 1 7 .4 10.1 21 3 8 5
7 0 2 8 3 0 1 8 .7 8 .9 21 4 3 9
71 2 5 3 2 1 7 .5 9 .8 2 4 3 9 8
